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PREFACE TO THE SECOND EDITION 


The widespread acceptance of the first edition of Certificate Practical Chemistry has 
been highly gratifying. The thoroughly illustrated and explanatory descriptions of the 
experiments presented in it evoked much appreciation from teachers and students alike. 


The present edition has provided an opportunity to rewrite all topics and reorganize 
them in a more logical sequence. More details have been provided wherever necessary. The 
most outstanding feature of the new edition is the large number of worked out exercises such 
as are given at the examination. These exercises will not only help student develop the ability 
to carry out the experiments methodically and to make correct observations and logical 
deductions, therefrom, but also to describe the experimental work done in a proper manner. 
we hope the book, in its present form, will be still more useful and enjoy wider popularity 
than before. 


We gratefully acknowledge the many helpful comments of teachers who taught their 
students with the first edition, and look forward to receiving more comments and suggestions 
for further improvement of the book. 


PARESH SAXENA 
VED PRAKASH SAXENA 
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PREFACE TO THE FIRST EDITION 


“Certificate Practical Chemistry” is designed to cover the requirements of the syllabus 
in practical chemistry prescribed by the Council for the Indian School Certificate Examinations, 
New Delhi for the ICSE examination, Since this book is intended to provide the firat 
introduction to experimental work in chemistry, special efforts have been made to develop 
familiarity with apparatus, to train in careful experimentation, to generate a real feeling for 
the practical side of chemistry, and to illustrate the facts learnt in the theoretical studies of the 
subject. Detailed instructions along with diagrammatic illustrations have been provided for 
doing experiment so that the student should be able to collect and assemble the necessary 
apparatus and carry out the work competently. 


The theoretical aspects involved in various experiments have been fully explained in 
a simple, straightforward language, since laboratory work done without a clear understanding 
of the underlying principles is only mechanical in nature and docs not serve much useful 
purpose. 


In spite of my best efforts, some errors might have escaped notice. I shall feel highly 
obliged if the teachers and students of the subject point out any errors and also send me their 
valuable suggestions to guide the development of this book through subsequent editions, 


VED PRAKASH SAXENA 


SYLLABUS IN PRACTICAL CHEMISTRY FOR LC.S.E. EXAMINATION 


1. Heat the given (unknown) substances, make Observations, 
and make deductions where possible. 
(а) mercuric oxide, red lead, lead dioxide 
(b) copper corbonate, zinc carbonate 
(c) washing soda, copper sulphate erystals 
(d) zinc nitrate, copper nitrate, lead nitrate : 
(e) ammonium chloride, iodine, ammonium dichromate 
2. Add concentrated sulphuric acid to the unkn 
make observations, identify the product by two t 
(c) a chloride (b) a nitrate 
3. Add dilute sulphuric acid to the unknown substance, 
Observations, identify the product and make deductions. 
(а) a sulphide (Б) a carbonate (c) a metal 
Apply the flame test to identify the metal in the unkn 
salt, (b) a potassium salt, (e) a calcium compound, 


5. Make a Solution of the unknown substance ; 


make observations and give your deduction. 
needed, 


identify any products 


own substance, warm the mixture, 
ests and make deductions, 


warm if necessary, make 


=) 


own substance, (а) a sodium 


and sodium hydroxide-solution, 
Warming the mixture may be 


Choose from Substances co; 


ntaining 
Ca?- , Cu% 


» Fe | Fees, pp | yan (NH). 


8. The percentage composition of a mixture of Powdered salt and water-washed 
sand, 
(The experiment would test 
washing and weighing. It m 


techniques in dissolving, filtering or decanting 
weakness could be met be sup 


ay be counted out as taking so much lime, The 
plying a given weigbt of the mixture; also by 
will not be slow and yet 


one simply by sorting out 
The experiment took about 20 minutes using 
10 gm mixture (4 8™ sand, 6 gm salt), 


- 
e 
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General Introduction 


Chemistry is essentially an experimental science. Nearly all chemical knowledge 
has been acquired through centuries of painstaking and skilled practical work, 
The modern chemist still depends on experimental evidence to further his 
knowledge. As such, the laboratory work continues to be an essential and 
important part of any course of study in chemistry. It provides abundant 
opportunities to make a first hand study of a wide variety of chemical reactions 
and processes, It has a sporting interest because of the inherent element of 
exploration. 


In order to fully enjoy the practical work in chemistry and to get the maximum 
benefit out of it, you must first know your laboratory—the equipment in it, how 
to use it properly, and master certain basic skills essential to becoming a good 
experimenter. 


1 Тһе Chemical Laboratory 


The chemical laboratory is the place where experiments in chemistry are done. It is 
provided with suitable equipment needed for chemical experiments. On your first visit to 
the laboratory, the teacher will take you round to acquaint you with the general arrangement 
of the laboratory and tell you where to find w at. He will also instruct you how to handle 
the common equipment, You should make a cat .(ul note of all that is provided at your seat 
on the working table and clsewnere in the laboratory. 

The working table is provided with— 

a gas tap for the supply of gas to the burners, 

a water tap for the ready supply of water, 

a sink, for the disposal of liquid wastes, 

a waste box (on the floor) for discarding solid wastes, and 

a reagent shelf ptovided with a set of reagent bottles containing reagents of more 
common use, 

Elsewhere, you will find— 

1. aside shelf fixed on the wall, on which are placed chemicals and reagents of less 
frequent use, 

2. а gas plant for producing the gas (generally, petrol gas) for burning in the burners, 

3. a water still for producing distilled water required in many experiments, and 

4, the demonstration table on which the teacher performs experiments for demonstra- 
tion to a whole group of students 


wae yn 


7752 


Near the roof of the laboratory you will find the exhaust fans which work to exhaust 
polluted air from the laboratory. 


2. The Proper Use of Laboratory Equipment 


In the use of all laboratory equipment, you must always bear two points in mind: 
economy and safety. Do not be wasteful with gas, water, or chemicals. 


1. Gas tap. Use the gas with utmost economy. If the gas supply is good the burner 
flame may be bigger than is necessary when the tap is turned full on. In that case turn the 
tap to reduce the flame to a proper size. Turn off the gas when it is no longer required. 
Never allow the gas to leak into air; it is both wateful and harmful. 3 


2. Water tap. Notice the arrangement of water taps and the sink. When required, 
turn the tap to get water in a gentle stream, and thea turn of. A vigorous st 


ream of water 
may cause splashing on your working table, Never use the water from the laboratory taps 
for drinking. 


3. Sink. Use the sink for throwing waste liquids only. Do not throw any solid 
materials, e.g., and filter papers, broken pieces of apparatus, etc. intoa sink; this may result 
in the blocking of the outlet pipe causing much inconvenience. Neve: throw hot concentrated 
acids directly into the sink. Allow to cool, and then pour into running water. 


cepticle for solid wastes, 
Do not let such things li 


4. Waste box. Waste box is the re 
broken glass or porcelain, used splints, etc. е about on your working 


table and do not throw them about on the floor. Before throwing away a lighted splint or 
match stick, extinguish it and make sure that it has no spark left. 


5. Reagent shelf. The reagent shelf on your working table is provided with a number 
of bottles containing reagents which are 


used very frequently. These reagent bottles are 
arranged in a definite order. The fi ollowing 


instructions should be keptin mind with regard 
to the use of the reagent bottles : 


eg., used filter papers, 


@) Take out only one reagent bottle at a time, and return И to its proper place 
immediately after use. If too many bottles are taken out at a time, their locations are likely 
to be upset through haphazard replacement. Moreover, their stoppers might also get mixed 
Up causing the reagents to be contaminated. 


(ii) Never put down a reagent bottle or its Stopper on the bench, Directly pour the 
reagent from the bottle into a clean test tube, beaker, or any other vessel, holding its stopper 
in a suitable manner. 


(iii) Never dip a spatula, glass rod, filter paper strip, 


orany other transferal device to 
remove reagents from their bottles, 


since this practice may contaminate the reagents, 


(iv) Do not measure out a large excess of a reagent from its bottle since chemicals 
are usually expensive. 


However, any excess reagent measured out by negligence must not be 
returned to its bottle since this is another possible source of contamination, It should be 
discarded. 


(у) Transfer solid reagents with a spatula into the clean receiviug vessel. Never 
transfer it on your palm which is unsafe 


or on a filter paper which would be wasteful. Never 
Pick up chemicals in your fingers unless you are told to do so. 
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6. Side shelf. Never remove a bottle from the side shelf to your seat. The. reagents 
“оп the side shelf are meant for the collective use of the entire group of students working at a 
time in the laboratory. 


3. Tips for Good Work 


i. Read the experiment to be done in advance and thoroughly understand the 
procedure. 

2. Never forget to bring with you to the laboratory— 

(i) the text book for on the spot consultation, 

(ii) the practical notebook for entering results, and . 

(iil) two clothes for cleaning purposes : a rough cloth to wipe up any liquid spilt on the 

bench, and a limp cloth for drying the insides of test-tubes, beakers, etc. 

3. Note all the intstructions given by your teacher with regard to the experimental 
work. 

4. Check up before starting the experiment that everything you would need is readily 
available. If you find a reagent bottle empty, do not remove it from the seat of another 
student; ask the laboratory staff to refill it. Also make sure that the reagent solutions ate 
clear and free from turbidity 

5. Always use scrupulously clean apparatus; this would ensure good results. It is 
impossible to do good work with dirty apparatus. 

6. Before starting the experiment, arrange all the things required at the rear of the 
table keeping the space in front of you clear and uncluttered. 

7. Do your work honestly, confidently, and patiently, In case of any difficulty, 
whatsoever, approach your teacher for guidance. Do not indulge in loose talks with fellow 
students or the laboratory staff. 

8. At the conclusion of the laboratory session— 

(i) thoroughly clean the work space and glassware that has been used, 
(ii) put away everything in your locker, and secure it with a good padlock, and 
(111), make sure that the gas and water taps have been turned off. 


4. Safety Precautions 


The possibility of accidents happening in chemical laboratories can never be ruled ‘out. 
However, whenever an accident happens, it is nearly always because some elementary 
precautions have been neglectéd. The following safety precautions must be observed by a 
student while working in the chemical laboratory : 


1. It is advisable to wear a lab coat or apron to protect clothing. 

2. Read the labels on all chemical reagent containers before using their contents; The 
use of a wrong reagents can lead to a serious accident. 

3. Always wipe up quickly liquids that are spilt on the bench. Acids or bases spilt 
on the bench or floor should be neutralized with solid sodium bicarbonate before removal, 

4, If an acid spills on clothing, neutralize it with a very dilute ammonia or; sodium 
bicarbonate solution, When bases are spilt, first neutralize with a dilute acetic acid solution 
and then wash the affected part with dilute ammonia solution. 


5. Wash immediately any solids or liquids on skin or clothes with plenty of watét. 
"The absorption of a chemical through the skin could be a potential mode of poisoning. Never 
forget to wash the hands just prior to leaving the laboratory for the day. 


6. 1а chemical enters the eyes or mouth, rinse it out with а large amount of water 
8t once, and report the accident to your teacher. He will arrange the required first aid. 


7. Never taste a chemical or inhale its vapour unless your teacher instructs you to 
do so. Always assume that a particular chemical is, hazardous unless you know for sure that 
it is not. 

8. Never use cracked or broken glassware; it may cause an injury or at.the very least, 
fall apart during the course of an experiment. Replace any damaged glassware at once. 


9. Always allow a hot test tube to cool before placing it in the rack, if the rack is wet. 


10. Always carry out an experiment exactly according to directions. Never add a 


reagent in excess of the quantity you have been told to use. Never carry out unauthorized 
exp: riments. 


Additional safety precautions are given along with the various laboratory echni i 
ti q 
iques in 


Common Laboratory Techniques 


There are many simple laboratory techniques and basic operations ‘which find 
common application in all kind of experimental work in chemistry. Unless these - 
techniques and basic skills are mastered thoroughly, you should not hope to 
become a good experimenter. This chapter describes some of the common 
laboratory techniques in detail, such as using the Bunsen burner, handling glass 
heating substances, filtration, 


apparatus, handling chemicals and reagents, 


evaporation, etc. 


1, Using the Bunsen Burner 


Take a Bunsen burner. Unscrew its long metal tube, called the chimney or barrel 
and examine carefully its various parts. You will find that it consists of three parts : the base- 


plate, the barrel, and the air regulator. 


1. The base-plate. It is a heavy disc-like piece of cast iron. Its function is to provide 


support to the entire structure of the burner. 


The base-plate has a small, horizontal side tute, called the gas tube. It is connected 
by means of rubber tubing to the gas tap on the bench. 
At the top of the base-plate is a pin-point jet, called, nozzle. The nozzle communi- 
cates with the gas tube through a very fine hole running throughout its length. When the 


gas tap on the bench is turned on, the gas comes 
along the rubber tubing, enters the gas tube, and 
then issues at the nozzle under increased pressures 


2. The barrel: This із а long metal tube. 


which screws over the nozzle on top of the base- 
plate, Note that fhere is a large hole near its 
bottom opposite the nozzle. This hole is called 
the aír-hole. Its function is to admit air. As the 
gas rushes up the barrel from the nozzle, air is 
sucked in through the air-hole. The mixture of 
the gas and air passes upward and is lighted at the 
top of the barrel by applying a flame. 


(5) 


collar. 
air hole 


base plate 


Fig. 2-1. 


nozzle 


gas tube 


Parts of a Bunsen burner, 


3. Тһе collar. This is a metal ting that can be turned round the lower end of the 
barrel. It has a hole of the same size as the hole in the barrel. By turning this ring or the 
collar, the air hole in the barrel can be closed or opened to any desired extent. Its function, 
therefore, is to regulate the amount of the air mixing with the gas. 


How to light the Bunsen burner? The Bunsen burner should always be lighted 
in the following way : 


1. Close the air-hole completely. 


2. Turn the gas on full. 


3. Apply a light at the mouth of the barrel to ignite the gas, A long, yellow, smoky, 
and flickering flame is produced (Fig. 2-2 a). It is not suitable for heating because it is T 
very hot and it deposits soot on the vessel being heated, 


4. Turn the gas down until the flame is reduced to about 8-10 cm length. 
5. Move the collar slowly 


to adjust the air- 
luminous (Fig. 2-2 b). 


hole untill the flame becomes non- 


If the air-hole is opened too much, the flame may 
` the burner tube and ignit 
at the top of the barrel, a tiny flame is produced at the n 
whistling noise (Fig. 2-2 
burner to cool, and reli 


Thus, instead 


! 


Fig. 2-2 (а). A yellow, ип- 


Fig. 2-2(b). 4 stead, non- TN 
steady, smoky flame produced luminous flame with d Bái Fig. 2-2 (c), Striking back 
when the air-hole ly closed, hole rightly open, of a Bunsen 


Jame when the 


air-full is f00-much Open, 


2. Handling Glass Apparatus 


l. Usually the glass apparatus used in chemical experiments are fragile, have thin 
walls, and are delicate, They should, therefore, be handled with care. Slap dash manner of 
handling may cause the glass apparatus to break during an experiment and thereby spoil it. 


2. Never place a hot apparatus on a cold surface; always place it on an asbestos wire 
Bauze or on an asbestos pad. г 


3. Thick walled glass apparatus, e.g., reagent bottles, graduated cylinders, etc, must 
never be heated, nor should hot liquids bz poured into them. They are liable to crack on 
heating. 


4. Thin test tubes may be heated directly in a flame; breakers and flasks should be 
placed on an asbestos wire gauze resting on a tripod or ring. The abestos ensures even 
distribution of heat over the bottom of the vessel, 


5. Never use a glass apparatus for any other purpose than what it is meant for. 


3. Handling Chemicals and Reagents 


Solids. A solid material is usually stored in a wide mouth bottle, The best way to 
transfer the solid is to tilt the bottle and rotate it to and fro unil the required quantity of 
the solid has been transferred directly to another container (e.g., a watch glass, beaker, etc.), 
If at all you have to use a spatula, make sure that it is absolutely clean. If a solid is not 
easily pourable, loosen it by tapping the container and gentle shaking. Never attempt to 
break up a caked solid inside the bottle with an instrument. 


Liquids, When pouring a liquid from a bottle, proceed as follows : 
(i) Read the label before you pour to make sure that you are using the right reagent. 


(ii) Remove the stopper from the 
bottle by holding the edge of the stopper 
between the first and second fingers of 
the right hand, having the palm up. 
Reversing the hand, grasp the bottle with 
its label facing upward. In this position 
the label would not be damaged by liquid 
which might run from the neck down the 

, outside of the bottle when it is put down. 

(iii) Pour the liquid gently along Fig. 2-3. The correct way to pour a liquid 
the sides of the receiving vessel held in from a bottle, 
the left hand at a proper slant (Fig. 2-3). Poured out in this manner, the liquid does not 
splash, i 


g 


, drop oi 
Sb кет the required quantity of the liquid has been transferred, remove the drop 
зе liquid adhering to the tip by touch- 
Ing it to the tip of the recerving vessel. 
Replace the Stopper, and put the bottle 
back on the shelf. 


Although liquids can often be 
Poured directly from one vessel (eg.,a 
beaker, measuring cylinder, etc. with- 
Out special precautions, it is good 
practice to direct the flow with a clean 
glass rod (Fig. 2-4). 


Never poke chemicals, solids or 
liquids, with a pen, pencil, etc. This 
practice results in contamination of the 


Es 
chemicals, and is extremely unsafe. Use Fig.2-4. Pouring liquid from a measuring cylinder 
а piece of glass rod to poke a solid or into a beaker an у 
stir a liquid. 


d directing the flow with a glass rod. 
4. Heating Substances 

In a non-luminous Bunsen flame, the 
temperature prevails highest a little below 
the tip of the flame and drops sharply down 
the middle towards the base. Hence, in 
order to fully utilize the heat of the flame, 
the object (e.g., a test tube) should be 
located a little below the tip of the ‘flame, 
and not in middle part, Hence, the correct 
way of heating in a Bunsen flame is 
shown in Fig. 2-5. The i 
heating is shown in Fig. 2-6 


as 
Incorrect way of 


When heating Something in a test 
tube, hold the test tube by a test tube holder, 
However, you can have a better control of Fig. 2-5. Correct 
the tube by using a paper collar instead. Jt Way of heating on 
can be made by foldin @ Bunsen flame 
lengthwise in half, and then in half again So 


Fig. 2-6. Incorrect way 

of heating on a Bunsen 
flame. 

the test tube, and firmly ¢ ends between the th 

against the tube. In this manner, the tube i umb and the fo 

be held in the flame without risk of burned 


is gripped tightly inside the Paper collar and can 
fingers, 


Fig. 2-7. Holding the test tube Fig. 2-8. Holding the test tube 
by a test tube holder. by a paper collar. 


When heating the tube, ensure that its open end is pointing away from you and from 
anyone else who may be near you. If possible, the tube should be pointed towards the wall, 
Never look down the length of a test tube to observe the contents. These precautions will 
avoid mishap in case the contents happen to be violently ejected from the tube in the course 
of heating (Fig. 2-9). 


Fig. 2-9. Handling a test tube towards oneself while heating may 
cause a mishap. 


During heating, a small region of the liquid may get superheated and 
vaporize, causing the liquid to splash or ‘bump’. To prevent this, always move the 
3nd forth slightly but continually in the flame and occasionally shake the contents, 


sudden] 
tube back 
The flame 


10 


should be allowed to strike a point just below the li 
[Fig. 2-10(а). In any case, the flame should n 
liquid in the test tube. If the liquid is heated in a 
[Fig. 2-10(b); if ina flask, swirl it constantly [Fig 


quid surface in order to 
eyer touch the 
beaker, stir it со 
. 2-10(c)]. 


reduce bumping 
glass above the level of the 
ntinuously with a glass rod 


(a) 2 
Fig. 2-10. Heatin 
held at an angle, 


a point just below the liqui surface, (b) the liquid in the b 
&lass rod, (c) the liquid in the i 


flask. [The dotted line in the diagrams represents wire gauze.] 


etc.), results in water being 

d (Fig, 2-1). This would 
the tube an Cracking it, 
n Solid Jes i 


Whatever 4 
Should always be 


heat 


N 


5. Filtration 


Filtration is the process employed for removing an insoluble substance from water 
or a solution of another substance, The insoluble substance obtained by filtration is called 
the residue; the liquid obtained is called the filtrate. In the laboratory, filtration is- done 
through an ordinary funnel fitted with a filter Paper, which is a specially prepared Porous 
paper, Thus, the filter paper acts as a sieve, holding back the solid and allowing the liquid 
to pass through, The liquid passing through the filter paper drips through the stem of the 
funnel. For filtration, proceed as follows : 


1. Fold a circular filter paper first into half and then into а quarter as shown in 


Fig. 2-12 (a, b). Now open the folded flter paper so that it forms а cone with three 
thicknesses on one side and single thickness on the other (Fig. 2-12 c). 


2. Place the filter paper cone in the funnel and press it down with your thumb зо 
that its upper edge fits snugly against the funnel walls. Moisten the cone with a. little water 
when it will stick tightly to the glass, and is ready for use (Fig. 2-124). 
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(а) (5) (с) (а) 
Fig. 2-12. Different stages іп making a filter paper cone and mounting it in a funnel 


Fig. 2-13. Filtration through the filter paper cone. 
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3. Mount the funnel on a funnel stand. . Place а 


beaker (or any suitable receiving 
vessel) under it, to collect the filtrate. 


4. Pour the solid-liquid mixture to be filtered down a clean glass rod touching the 
filter paper, Fig. 2-13. If the quantity is large, start the filtration by decanting liquid into 
the funnel so that the pores of the filter paper are not clogged with the solid particles at the 
very start. Transfer the bulk of the solid along, with the last portion of the liquid, 

At no time the level of the liquid should rise more than two-thirds up the filter paper cone, 
6, Evaporation 


Evaporation is the process employed for the recovery of as 
solvent being driven off as vapour. It is generally carried out by heati 
evaporating dish on a gauze, For more gentle and even heating, a sand bath is used which is 
a shallow tray containing sand. The solution should be frequently stirred with a glass rod, to 
prevent spurting. If the solution is to be evaporated to ‘dryness’, do not heat till the last 
drop has evaporated’ but remove the source of heat after the 


r А bulk of the water has been driven 
off. "The last traces of water will slowly vaporize by the heat of the dish itself, If heating is 


continued till the end, there may be unavoidable spurting and sometimes, the solid left behind 
may undergo decomposition, 


Olid from solution; the 
ng the solution in an 


Sometimes evaporation is done on a water bath, This is an ir 
ing of several removable concentric tings, and a small centre 
combinations of these rings, evaporating dishes of different sizes can 
The evaporating dish containing the solution is Supported by the 
water and heated, The dish is heated very gently and evenly by t 
water and tne solution evaporates without spu 


7. Cleaning Glassware 
The use of clean glassware is 


on pan with а lid.consist- 
piece, Ву using various 
be supported by the bath, 
bath, which is filled with 


1 he steam from the boiling 
rting, 


absolutely essentia] for any Successful experimentas work 
etc, should never be put i 


8. Weighing 


In many experiments, eg., in the determination of the iti 
Hn N Қ osition of 
mixtures (see Chapter 8), it is required to Weigh substances, For eU LN Pun n m 
use a trip balance (Fig, 2-14), y weighing, y 


Fig. 2.14 (a). A trip balance (b) Weighing in a trip balance 
(The article to be weighed is placed in the left pan and the weights on the right pan) 


For more accurate weighing, however, a chemical balance is used. The chemical balance 
is a delicate and sensitive instrument, and an object can be weighed on it within decimal 


fractions of a milligram. 


Identification of Some Common Gases 


Identification of gases is not only an exercise valuable in itself, it is also an 
important step in the identification of many a substances. 
off some gas or other when heat 


eg., acids, alkalis, etc. The identification of a gas p 


the identification of 
that substance. Thus, if it i i 
heated with an alkali, t 
the same substance is also found to 
concentrated sulphuric acid, 
ammonium chloride ! 


In this chapter we shall study the more common reactions 
common gases (viz., hydrogen, oxygen, 
chlorine, hydrogen chloride, 
formed, and the tests by whi 


1. Hydrogen, Ha 


Hydrogen is formed when an active metal, ев, 
sulphuric acid or dilute hydrochloric acid, 


Zn T H2504 > ?л50,4 
Fe + 2HCI => FeCl, 
It is also formed when zine or aluminium (in the form 
concentrated solution of an alkali—sodium hydroxide or Potassium hydroxide, 
Zn 4 2NaOH . NasZnO; + Het 
Sodium zincate 
2Al + 2NaOH + 2H90 ¬+ 2NaAIOs + 3Hs4 


sodium aluminate 
ourless and odourless gas. 


hydrogen, it burns with hardly visible flame, 


give off hydrogen chlori 


de when heated with 
its identity is complet 


ely established—it is 


in which some 
carbon, dioxide nitrogen dioxide, 
sulphur dioxide, ammonia, and water vapour) are 
ch each of them is identified. 


zinc, iron, etc., reacts with dilute 


+ Het 


Of shavings) is heated with a 


Experiment 3-1, To test for hydrogen, 
Place a small piece of zine in a test tube and add a few cm? of 
Effervescence takes place due tot 


dilute һудгос i 
he formation of tiny bubbles of 8 gas, іы e. 
1. Observe the colour of the gas; it is colourless, 


(14) 


15 
2, Carefully smell the gas; it is odourless. 


3. Bring û lighted taper near the mouth of the test-tube; there isa squeaky pop and 
the gas burns with hardly visible pale-blue flame. 


lighted splint 
га 


Жа 
£- 


Mute hydrochloric acid 


zinc pieces 


Fig. 13-1. Testing for hydrogen. 
All these tests show that the gas is hydrogen. 
2. Oxygen, Оз 
Oxygen is formed in several reactions. For example— 
1. When oxides of certain metals are heated, e.g., mercuric oxide, red lead, etc. 


А 
2HgO —- 2Hg + Get 
mercuric cxide mercury oxygen 


A 
2Pb30, +> 6PbO + Oct 
read lead lead monoxide oxygen 
2. When a chlorate, nitrate, permanganate, or dichromate of Sodium or potassium is 
heated. 


A 
2КСІОз —-» 2КСІ + 30, T 
pot. chlorate pot: chloride ^ oxygen 


A 
2NaNOs ---> 2МаМОз + Ost 
sodium sodium oxygen 
nitrate nitrite 


A 
2KMnO, —-» KeMnOy, + MnO, + Оз fî 
potassium potassium Manganese oxygen 
periaanganate manganate dioxide 


A 

4KoCrsO7 => 4KeCrO, + COs + 30.1 
2 2C! 

Шалы m мейе“ ы 


3. When sodium peroxide is acted upon by water. 
2Na202 + 2H0 -> 4NaOH + Оз ^ 


4. When concentrated sulphuric acid is heated with— 
(а) manganese dioxide, MnO», 
2MnO» + 2Н;504 = 2MnSO, + 2H20 + Oo 4 
(b) potassium permanganate, KMnO,, 
4KMnO, + 6Н:504 > 2К;504 + 4MnSO, + 6420 + 5024 
(c) potassium dichromate, KeCroOz. 
2KəCr207 + 8Н:504 + 2К;504 + 2С1(804); + ЗНО + 3024 
Test. 1. Colourless and odourless gas. 
2. Relights a growing splint, 


Experiment 3-2. To test for oxygen. 


Place sorne potassium chlorate mixed with manganese dioxide in a hard 
Clamp the test *ube to a stand arid heat the mixture in the 


-glass test tube. 
flame, then gradually increasing the heat. 


burner flame, starting with a low 
When the tube is hot, light a splint, then blow it out, leaving the erid growing. Intro- 
duce the glowing end of the splinter into the test tube, gradually lowering it until it is half way 
down the tube. The splint bursts into a flame. This shows that oxygen is being given off. 
Note that the gas is colourless and odourless, 


mercuric oxide 


glowing splint 
is relighted 


Silvery beads of mercury 
heat 


Fig. 32. The ‘glowing splint test’ for Ox) gen, 
3. Carbon Dioxide, CO; 


Carbon dioxide is evolved when 
1. Metal carbonates (other than those of sodium and Potassium) are Strongly heated 


А 
СаСО; => CuO + Со, + 


4 
ZnCOs => Zn0 + СО, } 
2. Sodium hydrogen carbonate is strongly heated, 


А 
2МаНСОз = МаСОз + но + Со» t 


4, Metal carbonates or hydrogen carbonates are treated with dilute acids. 
СаСОз + 2HCl > CaCl + H3O + С0:! 
MgCOs + HSO > MgSOa + ЊО + COst 
NaHCO; + НСІ = NaCl + НО + COst 
Tésts. 1. Colourless, odourless gas. 
2, Extinguishes a burning splint. 


3, Turns lime water milky (due to the formation of insoluble calcium carbonate). 


Ca(OH) + СО: -+ СаСОз) + НО 


lime water calcium carbonate 


Experiment 3:3. To test for carbon dioxide. 
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Place a lump of marble (calcium carbonate) in а test tube and add dilute hydrochlori 


l. Note the colour of the gas; it is colourless. 
2. Carefully smell the gas; it is almost odourless. 


acid (about a centimetre depth in the test tube will do), Immediately there is a brisk effei 
vescence due to the formation of tiny bubbles of a gas. 


3. Bring a lighted taper near the mouth of the test tube; it is immediately extinguishe 
4. Ву means of a delivery tube, pass the gas into lime-water taken in another te! 


tube; the lime water soon turns milky. 


bubbles of 
hydrogen 


concentrated chloride 
suaphuric acid 


sodium chloride - solution 


heat 


Fig. 3-3. The ‘lime water test’ for carbon dioxide. 


4. Nitrogen Dioxide, NO2 


Nitrogen dioxide is evolved when— 
1. Nitrate of a heavy metal, e.g., copper, zinc, lead, etc., is heated. 


A 
Cu(NOgs —-» CuO + 2NOst + 01 
copper copper (11) Nitrogeti oygen 
nitrate oxide dioxide 


A 
2Pb(NO3)) —-» 2PbO + 43031 + Osf 
lead nitrate lead oxide 


silver nitrate 
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2. A nitrate is heated with concentrated sulphuric acid. 


А i 
4Н:504 —-» 4NaHSO, + 28,0 + 4NO, Oot 
eee ў sülphistie sodium hydrogen Waer MARC T S 
nitrate acid sulphate 


dioxide 

Tests. (1) Dark brown, heavy gas with a characteristic pungent smell, 

(2) Turns а saturated solution of iron(II) sulphate black Owing to the formation of 
black addition product FeSO4.NO. 

Experiment 3-4. To test for nitrogen dioxide. 

Place a few crystals of lead nitrate in a dr 
The following observations are made : 

l. A heavy, dark brown gas is evolved. 

2. The gas has a characteristic pungent odour, 


y test tube and heat, The crystals decrepitate. 


3. When the brown gas is passed through a saturated solution of iron (11) sulphate, 
the light green solution turns black. 
/ heavy dark 
r !' *, brown gas 


2 Y lead nitrat 
lead nitrate e 


/ 


iron (11) 
Sulphate 
Solution 
15 black) 


Fig.3-4. Nitrogen dioxidé is evolved Fig. 3-5, Nitrogen dioxide turns a light 
when lead nitrate is heated alone, 


&reen solution of iron QT) sulphate black. 


Chlorine, Cla 
Chlorine is evolved when 
1. Concentrated hydrochloric acid is added to potassiu 


tn permanganate, 
72KMnO, + 16HCl + 2KCI 


tassi hydrochloric ^ potassi + 2MnCh + вно + 5С + 
iassium assium manganese at 
permanganate acid chloride | chloride water chlorine 


2. Concentrated hydrochloric acid is heated wi 


th manganese dioxide, lead dioxide, ete, 
MnO, + 4НСІ > MnCl, + 2H;0 CI 
'drochlori i ) 
manganese hy S SH Ease water chlorine 
PbO. E 4HCI > PbCI. 
lead dioxide Bydrochlorie lead chloride * м. 1 çet 


chlorine 
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3. A mixture of a metal chloride and manganese dioxide is heated with concentrated 
sulphuric acid. 
2NaCl + MiO: + 3H2SO, > 2NaHSO, + MnSO, + 2H0 + Cla Р 


sodium ' manganese sulphuric sodium hydrogen manganese water chlorine 
chloride dioxide acid sulphate sulphate 


Tests. 1. Greenish-yellow gas with a characteristic odour and choking effect, 
2. Bleaches most litmus paper (red or blue). 
3. Turns starch-iodide paper blue. This Paper is prepared by dipping filter paper in 


solutions of potassium iodide and starch. Chlorine displaces iodine from potassium iodide; 
the iodine produces deep blue colour with starch, 


2KI TC Clg > 2KCl + Tg 
pot. iodide chlorine pot. chloride iodine 


Experiment 3-5. To test for chlorine, 


Place a pinch of manganese dioxide in a dry test tube. Add concentrated hydrochloric 
acid and holding the test tube by a test tube holder start heating the contents in the burner 
flame Make the following observations and tests : 

1. A greenish-yellow gas is 
evolved. 


2. The gas has a characteristic 


odour and causes choking. moişt blue litmus paper 


3. Exposea moist blue litmus 
paper to the gas; itfirst turns red and 
then its colour is discharged. 


4. Expose a filter paper strip 
soaked in a solution containing pota- 
ssiur’ iodide and starch; a deep blue 
coli ur develops on the filter paper strip. 


concentrated hydrochloric acid 


eu 


Wy» — ——---manganese dioxide 
All these tests show that the gas 


evolved is chlorine. 


6.. Hydrogen Chloride, HC) t 
Hydrogen chloride is formed 
when a metal chloride is heated with Fig. 3-6. Testing chlorine with moist litmus paper. 
concentrated sulphuric acid. 
NaCl + H3S04 => NaHSO, Ер HCl 4 
MgCh + HaSO4 = MgSO, + 2HCIt 
Tests. |. Colourless gas with a pungent odour. Fumes in the air. 
2. Turns moist blue litmus paper red. 


3. Produces dense whiie fumes of ammonium chloride when a Blass rod which hag 
been dipped in ammonia solution is held in the gas. 


NH3 + НСІ ---> NHaCI 
ammonia hydrogen chloride ammonium chloride 


20 


4. Givesa curdy, white precipitate of silver chloride when passed through silver 
nitrate solution. The precipitate is readily soluble in ammonium hydroxide but does not 
dissolve in concentrated nitric acid. 


AgNOs + НСІ > AgCI} + HNOs 


Experiment 3-6. To test for hydrogen chloride. 


Place a pinch of sodium chloride in a dry test tube, add a few cm? of concentrated 
sulphuric acid, and heat. A reaction soon starts and white fumes appear at the mouth of the 
test tube. 

1. Observe the colour of the gas inside the test-tube; it is colourless, 

2. Carefully smell the gas; it has a sharp odour. 

8: 


4, Dip а glass rod in concentrated ammonia solution and hold the moistened end in 
the gas; dense white fumes are produced, 


Hold a moist blue litmus paper in the gas; it turns red, 


5. By means of a delivery tube, pass the gas through silver nitrate solution. А white 
precipitate is formed, 


a ПЕР, М 
^ less tod 
Ж ammonia solution 


concentrated sulphuric acid 


sodium chloride 


heat 


Fig, 3-7, Testing hydrogen chloride with a glass rod which has been 
dipped in ammonia solution, 
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Filter the precipitate and divide it in two parts. Treat one part with ammonia solution 
ina test tube; it readily dissolves. Treat the other part with concentrated nitric acid in 
another test tube; it does not dissolve. 


dilute hydrochloric acid 
marble pieces = 

Fig. 3-8. Testing hydrogen chloride by passing it through silver nitrate solution. 
7. Sulphur Dioxide, 502 


Sulphur dioxide is formed when— 
1. Sulphur burns in air. 


D 


А 
S 4 Оз ---> 502 


2. Concentrated sulphuric acid is heated with copper, Zinc, etc. 
^ 
Cu + 2Н;504 —-» CuSO4 + 2Н;0 + 5051 


5 А 
Zn + 2Н:504 --> ZnSO4 + 290 + 8047 


3. А sulphite or a hydrogen sulphite is warmed with dilute sulphuric acid or hydro- 
chloric acid. 


NasSOs + 2H$S0, RR 2NaHSO, + HO + SOsf 
МаН503 + НСІ --> NaCl + HO + 80,4 
Tests. 1. Colourless gas with a sharp and suffocating odour of burning sulphur. 
2. Turns moist blue litmus paper blue. 
3. Turns filter paper soaked in potassium dichromate solution from orange to green. 
"This 18 due to the reduction of potassium dichromate (orange colour) to chromic sulphate 
(green) by sulphur dioxide. 
KaCro04 + Но + 3805 +> KSO, + Cre(SO4) ; + НО 


i ulphuric sulphur polassium chromium 

dichRomate an dioxide sulphete sulphate 
کا‎ жас MM ано aa ао a 

orange solution green solution 


sen x T, W.B. LIBRARY 
^ e D. 


+ 29 
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4. Turns filter paper soaked in potassium permanganate solution from purple to 
colourless. This is due to the reduction of potassium permanganate to Potassium sulphate 
and mangnese sulphate, both of which are colourless. 


2KMnO, + 290 + 550: > KSO, + 2MnSO, + 2H$804 


" water sulpFur potassium manganese sulphuric 
pO date dioxide — sulphate sulphate acid 
uU usq NP Ў ==. 
pink solution colourless solution 


) 


filter paper soaked in 


/ potassium dichromate 
solutlon 


filter Paper soaked in 
Potassium Permanganáte 
Solution 


ed sulphuric acid 
concentrat ( Concentrated sulphuric acid 


copper turnings Copper turnings 


Fig. 3-9. Testing sulphur dioxide with Fig. 3. 


10. Testing sulphur dioxide with 
potassium dichromate solution. 


Potassium permanganate solution, 
Experiment 3-7, To test for sulphur dioxide, 
Place some copper turnings in a test tube and add sufficient quantit 


sulphuric acid to cover them. Heat gently in the burner flame. 
and a gas is evolved. 


1. Observe the colour of the gas; it is colourless, 
2. Carefully smell the gas; it has a sharp, suffocating odour, 


3. Dip a strip of filter Paper into the potassium dichromate solution, 
із stained orange, After allowing it to drain, hold the sttip in the gas; 
changes to green. 


4. Soak a strip of filter paper in potassium permanganate Solution and it i 
gas; the purple colour is soon discharged, hold it in the 


Y of concentrated 
A vigorous reaction Sets in 


Note that it 
the orange colour 


All these tests show that the gas is sulphur dioxide. 
8. Ammonia, NH; 
Ammonia is formed when an ammonium compound is heated with an a:*eli or slaked 
lime, y Е 
NH4Cl + NaOH + NaCl + HO 


* NH 
2МНАСІ + СОН), > Ось + 2H 1 INA 


23 


Tests. 1. Colourless gas with a characteristic pungent odour. 
2. Turns moist red litmus paper blue. 
3. Produces dense white fumes of ammonium chloride when a glass rod dipped in 
concentrated hydrochloric acid is held in the gas, 
NHs + на > мна 


nr 
Hh il whita fumes of 
| Wy jk "ammonium chloride 


Az glass rad 
concentrates) 
hydrochloric acid 


—— sodium hydroxide sotufion 


^... ammonium chloride 


Fig, 3-11. Testing ammonia with a glass rod which has been dipped in concentrated 
hydrochloric acid. 


Experiment 3-8. To test for ammonia, 


Place some ammonium chloride in a test tube, add a little concentrated sodium 
hydroxide solution, and heat. Carefully smell by waiving cupped palm over the mouth of the 
test tube towards your nose. A sharp odour is perceived. This shows that the reaction is 
occuring with the evolution of ammonia. 


1, Observe the colour of the gas; it is colourless. 

2. Hold a moist red litmus paper in the gas; it turns blue. 

3. Dip a glass rod in concentrated hydrochloric acid, and hold the moistened end in 
the gas. Dense white fumcs of ammonium chloride are formed. 

All these tests show that the gas is ammonia, 
9, Water Vapour, H;O 

Hydrated salts such as sodium carbonate decahydrate. NagCOs. 10H30, copper sulphate 
pentahydrate, CuSO4 SHaO, etc. give off the water of hydration as water vapour on heating. 

^ 
NaeCOs.10H2,0 —- МаҙСОз + 10Н;0) 


^ 
CuSO4.5H20 =+ CuSO, + SHO} 
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Tests 1, Colourless and odourless. 


2. Condenses on cool part of the tube as colourless drops. Theliquid thus obtained 
turns white anhydrous copper sulphate blue, 


Experiment 3-8. To test for water vapour. 


Place some sodium carbonate crystals in a hard-glass test tube and clamp it to a 
stand so that it is pointing slightly downward (why 7). Heat in the burner flame of a medium 
length. Soon vapour (steam) is seen issuing from the mouth of the iat tube and drops of a 
colourless liquid are formed on the upper cool part of the test 


tube. Place a dish under the 
mouth of the test tube to collect the drops of the liquid, 


1. Observe the colour of the vapour inside the test tube; it is colourless*, 
2, Carefully smell the vapour; it has no odour. 


3. Observe the colour and odour of the liquid in the dish; it is colourless and 
odourless, 


Crystals of 
Sodium carbonate 


. x colourless vapour 


drops of a 
colourless liquid 


Fig. 3-10. Heating sodium carbonate crystals, 


4. Place a little anhydrous copper sulphate on a watch Blass, Add to it a few drops 
of the liquid given off by sodium carbonate crystals; the white anhydrous Copper sulphate turns 
blue, 


All these tests show that the vapour is water vapour, 


10, Systematic Scheme for the Identification of Some Common Gases 
1, Note the colour and the odour of the gas. 


2, Test the gas with moist red and blue litmus papers, 
3. Apply special test(s), 
4, Make deduction, 


— 


*Water vapour is a colourless gas, Тп air, it condenses to form 
appear like mist, Colourless water vapour is prese 


iit foside (he's Very fine droplets of wate) 
le test tul 
beginning of the white cloud, 


цер 
be and between із mouth an 


thy 


Colour 


1.  Colourless Odourless 


2. Colourless 


Ne 


3. Colourless 


4. Colourless 


5. Colourless 


6, Pale-green 


7, Dark brown Pungent 


—_— 


Moist red 


Moist blue 
litmus 


Special test(s) 


Odaur 
litmus 
No action 
Sharp No action 
Characte- Turns blue 
ristic 
Burning Bleached 
sulphur 
Rotten eggs — 
Choking Bleached 
No action 


No action 


Turns red 


No action 


First, turns 
red, then gets 
bleached 


Turns faint 
red 


Firt turns 
red, then 
gets bleached 


Turns red 


Introduce lighted 
splint into the gas. 


i. The splint is ex- 
tinguished and 
the gas burns 
with a ‘pop’. 

ii. The splint burns 
more vigorously. 


iii. The splint is ех- 
tinguished and 
Mie gas does not 


urn, 
Further confirm 
by ‘lime-water test’ 


i, Bring a glass “ith | 
moistened with 
NH4OH; dense, 
white fumes form, 

ii, Passthe gas into 
silver nitrate 
soln; white ppt. 
forms, 


Bring a glass rod 
moistened with 
conc, НСІ; dense, 
white fumes are 
produced, 


i, Pass the gas into 
KMnO, soin; 
. itis decolorized. | 
ii. Pass the gas into $ 
` acidified pot, di- | 
chromate soln,; | 
it turns green, J 


Pass the gas into 
lead acetate soln.; 
black ppt. forms, 


Pass through silver 
nitrate soln,; white 
ppt. forms. 


Pass the gas into 
FeSO, soln.; acidi- 
fied with Н:504; 
it turns black, 
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Se 


Deduction 


Hydrogen 
He 


Oxygen 
Os 

Carbou 

dioxide 
СОг 


Hydrogen 
chloride 
HCl 


Ammonia 
МН 


Sulphur 
dioxide 


SO; 


Hydrogen 
sulphide 
Has 


Chlorine 
Cle 


Nitrogen 
dioxide 
NO, 


Vm ti 


Action of Heat on Substances 


Heat is an important agent of chemical change. That is to Say, heat causes 
chemical changes to occur in many substances. The most common type of 
chemical change that heat brings about is the decomposition of a compound into 
two or more simpler substances, This type of. change is called thermal decom- 
position. The oxides of many metals undergo thermal decomposition to give 
oxygen and either the free metal or a lower oxide of the metal; carbonates of 
metals (except those of sodium and Potassium) yield carbon dioxide and the 
oxide of the metal; nitrates of heavy metals give off oxygen and nitrogen dioxide 
leaving behind the metal oxide; hydrated salts lose their water of hydration and 
change to anhydrous salts; etc. These changes are often accompanied by 
characteristic colour changes in the substances, and in some cases the solid 
residue has different colours when hot and when cold, 

Some substances do not undergo thermal decomposition but sub 
That is, they change into vapour without melting and the vapo 
the same solid substance on the cooler surf 


‘aces, 
are ammonium chloride, iodine, camphor, etc, 


lime on heating, 
ur condenses to 
Examples of such substances 


1. Action of Heat on Oxides of Metals 


We shall consider here three representative oxides : 


(1) mercuric oxide, HgO, a bright 
red powder, (2) red lead, Pb3O., a dark red powder, 


and (3) lead dioxide, PbOa. 
Experiment 4-1. To study the action of heat on mercuric oxide, 


Method. Take about 1 gram of mercuric oxide in a small hard-glass test tube and 
clamp it to a stand in an almost horizontal position, (Fig. 4-1). Heat the oxide in a small 
non-luminous Bunsen flame. Take care to see that the test tube is not Pointing towards 
anybody while it is being heated. While heating, introduce a glowing splint half way down 
the test tube, Should nothing happen immediately, repeat this every few seconds, 

After heating, allow the test tube to cool before putting it back in the test-tube rack, 

Observations. (i) On heating, mercuric o; 


Xide gradually darkens ; i 
from the shiny red colour to almost reddish-black, : лаа) usi 


(26) 
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(ii) The glowing splint introduced into the tube bursts into a flame. This shows that 
oxygen is being given c7. 


(iii) Silvery droplets of mercury deposit on the upper cool part of the test tube. 


mixture of 
potassium chlorate and 
manganese dioxide , 


— glowing splint 
is relighted 


heat 


Fig. 4-1. Action of heat on mercuric oxide. 


Result. Mercuric oxide breaks up on heating into mercury and oxygen. 
2HgO +> 2Hg + Oct. 

Experiment 4-2. То study the action of heat on red lead. 

Method. Place a small amout of red lead in smali, hard-glass test tube and heat gently 
as in Experiment 4-1. After heating for some time, put a glowing splint into the tube, 

Observations. (i) On heating, the colour of red lead changes from red to chocolate 
brown and finally a yellow-orange powder is formed. 

(ii) The glowing splint bursts into a flame which shows that the colourless gas evolved 
is oxygen. 


Result, When heated, red lead or lead (II, IV) oxide, Pb3O4, breaks up into lead 
monoxide or lead (II) oxide, PbO, which is a yellow-orange powder, and oxygen. 


A 
2Pb304 --> 6PbO + Os f 


Experiment 4-3. To study the action of heat on lead dioxide. 

Method. Place a small amount of lead dioxide in a test tube and heat it as usual, 
When the tube is sufficiently hot, put a glowing splint into the test tube. 

Observations. (i) The chocolate-brown lead dioxide changes to a yellow-orange 


owder. ж , 
p (ii) The glowing splint rekindles inside the test-tube. This shows that the colourless 


gas evolved is oxygen. | - 1 ! 
Result. Lead dioxide or lead (IV) oxide, PbO», breaks up on heating to give lead mon- 
oxide or lead (I1) oxide and oxygen. 


^ 
2PbOs ——> 2PbO + Оз 1 и 
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2. Action of Heat on Carbonates 
Carbonates of common metals, except those of sodium and potassium, decompose on 


strong heating to give the oxide of the metal and carbon dioxide, The latter can be identified 
Бу: action on lime-water which is turned milky. 


A 
СаСОз -- CuO + СО f 


0 
copper carbonate copper oxide carbon dioxide 
A 
ZuaCOs —— ZnO + CO» t 
zinc carbonat zinc oxide carbon dioxide 
A 
СаСО —> CaO CO; 


calcium carbonate 
Here we shall consider the effect of 
powdery substance and zinc carbonate, 


ats 2 
calcium oxide carbon dioxide 


heat on copper carbonate, СаСОз, a light green 
ZnCOs, a white powdery substance, 
Experiment 44. To study the action of heat on copper carbonate. 

Method. Place a small amount of Copper carbonate ina test tube and fit it with & 
one-hole stopper carrying a delivery tube, Clamp the test tube so that its mouth points 
slightly upwards (Fig, 4-2), and the delivery tube extends to the bottom of a test tube con- 
taining 5-6 cm? of clear lime-water, Heat the test tube containing copper carbonate, gently 
at first and then strongly until no further change can be noted. 

When the action is complete, allow the tube to cool before putting it back in the test- 
tube rack and examine the contents, 


Copper carbonate 


lime water 
(turns milky) 


Fig. 4-2, Action of heat on copper carbonate, 
н Observations. (i) On heating, the bluish-green copper carbonate darkens in colour 
and finally a black powder is left behind as a solid residue, 
(ii) A colourless gas bubbles through lime water which is turned milky, 
Result, On heating, copper carbonate decomposes into copper oxid 
which is left as residue, and carbon dioxide, Nm ar Pewee әуен 


А 
Си0ҙ---» CuO + C044 
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Experiment 4-5. To study the action of heat on zinc carbonate. 

Method. Place some zinc carbonate in a test-tube and fit it with a one-hole stopper 
carrying а delivery tube, Arrange the apparatus as shown in Fig. 3-2. Heat the test-tube 
containing zinc carbonate in a non-luminous Bunsen flame, gently at first and then strongly. 


When the action is complete, allow the tube to cool, and carefully examine the 
contents. 

Observations. (i) The residue in the tube is yellow when hot and white when cold, 

(ii) On heating zinc carbonate, a colourless gas comes off which turns lime-water 
milky. 

Result. When zinc carbonate is heated, it decomposes to give zinc oxide which is 
yellow when hot and white when cold, and carbon dioxide. 


ZnCOs i ZnO + СО 1 

3. Action of Hent on Hydrates 

Crystals of many substances depositing from aqueous solutions contain definite number 
of water molecules attached to.the molecule of the substance that was crystalized. Thus, the 
blue crystals of copper sulphate contain five molecules of water attached to each molecule of 
copper sulphate, We indicate this by writing its formula as Си504,5НҙО”% The dot in this 
formula implies a loose attachment of the water molecules. The definite quantity of water 
contained in the crystals in a state of loose combination is called water of crystallisation or 
water of hydration. A substance that contains water of crystallisation is called a hydrated 
compound or a hydrate. A few examples of hydrates are : 

CuSO,.5H30 —Copper sulphate pentahydrate 

FeSO4.7Ha0— Iron (II) sulphate heptahydrate 

NagSOg.10H20—Sodium carbonate decahydrate 

BaCls.2H30 —Barium chloride dihydrate 


When bydrated crystals are heated, the water of crystallisation is lost, The substance 
left behind is said to be anhydrous, meaning ‘without water’. Hydrates lose their crystalline 
shape and often their colour, too, on losing their water of crystallisation. For example, when 
blue crystals of copper sulphate pentahydrate are heated, they lose their water of crystallisation 
and change to a white, amorphous mass of anhydrous copper sulphate, 


А 
Cus bs HD am —— " CuSO, + 5H20 ¢ 
r sulphate pentahydrute an| 
51242 (blue Conta) re diee ee Far s d PA 


All crystals do not contain water of crystallisation, A simple test for its presence is to 
heat a few crystals in a dry test-tube. A film of moisture will appear on the cool portion of 
the inner wall if the crystalline substance is a hydrate. 

We shall now study the action of heat on two representative hydrates: (1) washing 
soda or sodium carbonate decahydrate, МаҙСОз.10НҙО, а white fine crystalline solid, and 
(2) copper sulphate crystals or copper sulphate pentahydrate, CuSO4.5H,O, a blue crystalline 
solid. 


ФАП the five molecules of water in CuSO,.5H40 are not identically combined; four are attached to tho 
eoppet (II) ion, Cu**, and one to the sulphate fon, 50475. 
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Experiment 4-6. To study the action of heat on copper sulphate crystals. 


Method. Place about 5 grams of copper sulphate crystals in a dry test-tube. Clamp 
the tube so that its mouth is pointing slightly downward. Place a dish below the mouth of 
the test-tube. Heat the crystals, gently at first and then strongly. 


When the action is complete, allow the tube to cool. Observe the residue in the tube. 
Add a few drops of water to the residue and observe what happens. 


crystals of 
copper sulphate 


Fig. 4-3. Action of heat on copper sulphate crystals. 


Observations. (i) When copper sulphate crystals are heated, а colouricss and odourless 
vapour is g ой and drops of a colourless liquid appear on the upper cool portion of the 
test-tube. i nese drops trickle down and collect in the dish placed below. 

(ii) The blue crystals of copper sulphate finally fall to a white amorphous mass. 

(iii) When water is added to the white residue in the test tube, much heat is generated 
and the colour changes from white to blue. The further addition of water causes the powder 
to dissolve and form a blue solution. 


Results. (i) When blue crystals of copper sulphate are heated, water is given off and 
anhydrous copper sulphais is formed. 


A 
CuSO4.5H20 چ‎ CuSO4 
copper sulphate anhydrous copper Rmi, 5H30 + 
(blue crystals) (white amorphous pow den 


(ii) The white residue of anhydrous copper sulphate on treatment. wi 
blue as it changes back to hydrated copper sulphate. t with water turns 


CuSO4 + 5H20 a 


anhydrous Си504.5Н:0 
copper sulphate inan g сорре ^ 


Experiment 4-7. To study the action of heat on washing soda crystals 

. Method. Place some washing soda crystals in а dry test tube. Clamp-the tube with 

a slight downward slope towards the mouth. Place a dish below the mouth of the test tube 

Heat the crystals іп а non-luminous Bunsen flame, gently at first and then eng Site A 
y. 
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When the action is complete, allow the test tube to cool and examine the contents. 


Observations. (i) On heating, washing soda crystals give off а colourless and odouriess 
vapour. 

(ii) The vapour partly condenses on the upper cool portion of the tube. The drops of 
condensed liquid trickle downward and collect in the dish placed below. The liquid is colour- 
less and odourless. 

(iii) The residue in the tube is white and no longer gives off any vapour on heating. 

Results. Washing soda crystals contain water of crystallisation which is given off 
on heating. The residue left behind is anhydrous sodium carbonate. 


A 
NasCOs.10H;0 --- NacCO3; + 10H20 4 
sodium carbonate decahydrate anhydrous sodium water 
(washing soda crystals) carbonate vapour 


4. Action of Heat on Nitrates 

Nitrates of all metals are crystalline solids, readily soluble in water. Some of these 
contain water of hydration, for example, zinc nitrate, Zn(NOs)s.4H9O, while some аге 
anhydrous, for example, lead nitrate, Pb(NOs)s. All nitrates are decomposed by heat. 
However, hydrated nitrates first give off their water of hydration before undergoing thermal 
de&omposition. 

Nitrates of alkali metals (sodium and potassium) are decomposed by-heat into the 
corresponding nitrites and oxygen. 


А 
2NaNOs ---> 2МаМОо + О 4 
sodium nitrate sodium nitrate oxygen 


A 
2KNOs; —-> 2KNO: + Os f 
potassium nitrate potassium nitrite oxygen 
When heated, nitrates, of heavy metals, e.g., those of lead, copper, and zinc, give off 
a gaseous mixture of oxygen and nitrogen dioxide (a dark-brown gas) leaving. behind a solid 
residue of the corresponding metal-oxide. 


^ 
2Pb(NOs)e — 2PbO t 4NOs; f F O2t 


lead nitrate lead oxide nitrogen dioxide oxygen 


^ у 
2Cu(NO3)s —- 2CuO + 4NO» t di 0314 
copper nitrate Copper oxide nitrogen dioxide oxygen 


2Zn(NOg)2 Led 2ZnO + 4NO2 1 Jt ог? 
zinc nitrate zinc oxide nitrogen dioxide oxygen 
Here, we shall study the action of heat on three metal nitrates: (1) zinc nitrate, 
Zn(NO3)2.4H20, (2) copper nitrate, Cu(NOs3)5.3H90, and (3) lead nitrate, PR(NOs)s. Of these, 
zinc nitrate and copper nitrate are crystalline hydrates, while the crystals of lead nitrate are 
anhydrous. Zinc nitrate and lead nitrate are white crystals while the crystals of copper nitrate 
are bright, deep blue. 
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Experiment 4-8. To study the action of heat on zinc nitrate. 

Method : Place a small amount of zinc nitrate crystals in а test tube. Clamp the tube 
so that its mouth is pointing slightly downward. Heat the crystals in a non-luminous flame, 
gently at first and then strongly. ; 

When the action is complete, allow the tübe to cool, and examine the contents. 


heavy brown fumes of 


zinc nitrate nitrogen dioxide 


х 
hoat ; еі за 


Fig. 4-4. Action of heat on zinc nitrate crystals, 


Observations. (i) The crystals give off colourless and odourless water vapour which 
partly condenses on the upper cool portion of the tube. 


(ii) A heavy, reddish brown gas is given off, 
(ii) The residue in the tube is yellow when hot and white when cold, 
Results, (i) Zinc nitrate contains water of crystallisation, 


Gi) It decomposes on heating to give off nitrogen dioxide, leaving a residue of zine 
oxide. 


А 
2Zn(NOs)a ---> 2ZnO 4 
zinc nitrate zinc oxide y nr + O: р 
(colourless crystals) (yellow, when hot; dioxide |i. 
White, when cold) 


Experiment 4-9. To study the action of heat on copper nitrate. 
Method. Place some cry 


downward slope towards the m 
gently at first and then strongly. 


When the action is complete, 


Stals of copper nitrate in a test tube, Clamp the tube with & 
Outh. Heat the crystals in a non-luminous Bunsen flame, ' 


allow the test tube to cool, and examine the conteats. 


Observations. (i) The crystals give off colour 
: ess and odourless water vapour on 
heating. The water vapour partly condenses on the upper cool portion of the tube х 


(ii) Тһе deep-blue crystals of Copper nitrate ch: 
losing the water vapour. change to a green, amorphous mass ОП 


(iii) On further heating, a heavy, derk reddish-brown gas is given off. 
(iv) The green amorphous mass finally changes to a black mass 
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Results. (i) Copper nitrate is a hydrated compound, ie, it contains water of 
crystallisation. 

(ii) On heating, copper nitrate first gives off the water of crystallisation and changes to 
anhydrous copper nitrate which is a green amorphous substance. 


A 
Cu(NOs3)2.3H20 => Cu(NOs)2 + 3Н:0 
copper nitrate crystals anhydrous copper water of 
(blue) nitrate (light green) crystallization 


(iii) On continued heating, anhydrous copper nitrate decomposes to give nitrogen 
dioxide (along with oxygen) and copper (Ш) oxide (the black residue.) 


A 
2Cu(NO3) ---> 2CuO + 4М02% + Оз? 
с itrate 11) oxi i 
(light green) Gia dinde. a 
Experiment 4-10. To study the action of heat on lead nitrate. 
Method. Place some lead nitrate crystals in a test tube. Clamp the tube so that it 
is pointing slightly downwards. Heat the crystals, gently at first and then strongly. 
When the action is complete, discontinue heating. Allow the tube to cool, and examine 
the contents. 
Observations. (i) On heating, the crystals of lead nitrate break apart with a crackling 
sound*. However, water is not given off. 
(ii) A heavy, dark reddish-brown gas is given off on further heating. 
(iii) The residue in the tube is orange when hot and yellow when cold. 
Results. (i) Lead nitrate crystals do not contain water of crystallization. 
(ii) On heating, lead nitrate decomposes to give nitrogen dioxide gas and a yellow- 
orange solid residue of lead oxide. 


A 
2Pb/NOg; —-*  2PbO + 4NOg + Ost 
lead nit: lead oxid 
Sette) ie elow) p usd 


5. Thermal Dissociation 


The breaking up of mercuric oxide into mercury and oxygen by the action of heat is 
a non-reversible reaction. No amount of cooling or prolonged contact between mercury and 
oxygen will cause the re-formation of mercuric oxide. Similarly, copper carbonate is split up 
into copper oxide and carbon dioxide by the action of heat ina non-reversible process. Such 
reactions are called thermal decomposition. 


^ 
2Hg0 —> 2Hg + Ost 


4 
2СәСОз —-» 200 + 2С0, 


D n NOE CSEEE 7 
©The breaking apart of anhydrous salt on heating with a crackling sound is called decrepitation. 
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When a substance splits up by the action of heat but the products re-form the origiaal 
substance on cooling, the reaction is called fhermal dissociation. For example, when 
ammonium chloride, а white solid, is heated it breaks up into ammonia and hydrogen chloride 
which recombine on cooling to form ammonium chloride. This is shown by the equation. 

NH4Cl = МН; + HCl 


The sign => in this equation means that the reaction can proceed either way, depending on 
conditions. 


Experiment 4-11. To study the action of heat on ammonium chloride. 


Method. Place a very small amount of solid ammonium chloride in a dry test tube. 
Hold the tube in a slightly inclined position (Fig. 4-5) and heat the solid gently. 


white sublimate of 
ammonium chloride 


heat 


Fig. 4-5. Action of heat on ammonium chloride. 


Observations, The solid at the bottom of the tube disappears as it is heated. A white 
” solid appears at the top of the tube, where it is colder. When the condensed solid is reheated, 
in & test tube, the same thing happens again. 3 


Result. Ammonium chloride breaks up into ammonia and hydrogen chloride under 
the influence of heat, but the two gases recombine on cooling giving back ammonium chloride 
as a white sublimate. 


МВС е NHs + HCI 


Experiment 4-12. To show that ammonium chloride dissociates into 
ammonia and hydrogen chloride by the action of heat, 


Method. Place abov: ! р solid ammonium chloride in а dry test tube. 
tube ina nearly horizontai position. Introduce blue and red litmus papers and a loose 
glass-wool plug as shown in Fig. 4-6. Heat the ammonium chloride gently. 


Clamp the 


Observations, The ammonium chloride slow] 


ly disappears from the bottom of the 
tube. The neutral litmus paper goes red while the red litmus paper goes blue, 
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ammonium chloride glass woo! 


blue litmus paper red litmus paper 
heat 


Fig. 4-6. Dissociation af ammonium chloride by heat. 

Result. When heated, ammonium chloride splits up into ammonia (which turns 
red litmus paper blue) and hydrogen chloride (which turns blue litmus paper red). 
6. Action of Heat on an Unknown Solid Substance 

Useful information leading to the identification of an unknown substance can often be 
obtairied by studying the action of heat upon it. 

Place some of the unknown substance in a small hard-glass test tube. Holding the 
tube nearly horizontal, heat it gently over a non-luminous burner flame. Shake gently to 
ensure uniform heating of the solid. Observe the effects, if any, of gentle heating. Then 
heat the sample more strongly and again make your observations. 

When the change appears to be complete, allow the tube and its contents to cool. 
Note whether the residue remains the same as when hot, or cbanges in some other way. 

Use a fresh tube for each substance under investigation. 

Record your observations with respect to the following changes, and draw inferences 
from the observations made : 

I. Condensed water, decrepitation, sublimation and melting 


Observation Inference 
ІА Р МЕЕ назире 


1, Evolution of colourless vapour which condenses A hydrated salt, e.g., 
higher up the tube as colourless droplets of a МагСОз.10Н:О, CuSC4.5H20, 
, liquid. The liquid turns „anhydrous copper sul- Ес50,.7Н4О, etc. 
phate blue showing that it is water. 


2. The solid decrepitates (i.e., breaks into smaller Lead nitrate or sodium chloride. 
pieces with crackling sound), 


3, The solid sublimes, /.e., changes to vapour which 
condenses higher up the tube as solid. 


(a) White sublimate. Ammonium chloride 

(b) Grey sublimate (from violet vapour). Iodine 

(c) Grey sublimate which, when rubbed, changes Mercury compound, 
to shiny globules. 


4. Тһе solid melts. A nitrate or a halide. 


MOREM ی ا‎ EC RE 


& 
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IL Colour change on gentle heating. 


nn —————M——M—— 


Observation Inference 


س — 


1. Blue to dirty white Hydrated copper sulphate, 


Са504.5Н;0 


2. Light green to dirty white Ferrous sulphate, FeSO4.7H2O 


SSE EEE E cui eee 


ПІ. Colour of residue (hot and cold) left on strong heating. 


Observation Inference 


1. Yellow when hot, white when cold. Zinc compound, e.g., ZnCOs, 
Zn(NO3)s, etc. 


2. Orange when hot, yellow when cold. 
3. Black (hot and cold). 


Lead compound, e.g., Pb(NOs)3 
Copper compound, e.g., 
Cu(NOsJa 


4. Black when hot, rust red when cold. Iron compound, e.g., FeSO, 


—————————————— 


IV. Gas evolved (Note colour and odour and apply special tests) 
аналы CA lee ie Meet a ms 


Observation 


Inference 


1. A colourless, odourless gas. 


(a) Rekindles a glowing splint (Os) Mercuric oxide (if red) ora nit- 
rate (if colourless) 
(6) Turns lime water milky (COs) 


Metal carbonate (except 
sodium or Potassium)" Pat 


2. А colourless gas with characteristic smell. 


(a) Pungent, turns red litmus blue (NHs) Ammonium salt, e.g., NH «Сі 


(b) Pungent, tutns yellow potassium dichromate Sulphite, 
green (SOs) phate, eg, 152280: ME 


(с) Bad eggs, turns lead acetate black (Н;5) Sulphide 


(d) Very sharp ; turns blue litm ne 
duces white fumes with NH,OH (Hi. P | Hydrated chloride 


3. Dark brown, heavy gas (NO4) Nitrate 
al ce oe s cee oe e MN 


— M —— 
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Action of Sulphuric Acid on Substances 


Sulphuric acid dissolves the oxides of most metals forming tneir soluble sul- 
phates, Thus, it dissolves copper (II) oxide which is changed to soluble copper 
(ID) sulphate (CuO +H2SO4 > CuSO4--HaO). Dioxides and peroxides of metals 
dissolve in concentrated sulphuric acid on heating forming their sulphates with 


the liberation of oxygen. (2MnOs-- 2HsSO4 &. 2MnSO4--2Ha0--Os) Most 
salts of metals are decomposed by sulphuric acid with evolution of gases that are 
characteristic of the acid radical or the anion in the salt. Identification of these 
gases, therefore, leads to the deduction of the acid radical in the salt. 


Dilute sulphuric acid decomposes the salts of unstable, volatile acids such as the 
carbonates, sulphides, and sulphites liberating carbon dioxide, hydrogen sulphide, 
and sulphur dioxide respectively. Carbonates are decomposed in the cold; the 
sulphides and sulphites are decomposed on warming. 


Such salts as the chlorides and nitrates are not decomposed by dilute sulphuric 
acid even on heating. However, these are decomposed when heated with con- 
centrated sulphuric acid; chlorides give off pale-green chlorine gas and the 
nitrates give off heavy, dark brown fumes of nitrogen dioxide. 


Dilute sulphuric acid reacts with active metals such as zinc, iron and magnesium 
in cold. In the reaction, the metal dissolves as its sulphate and hydrogen is 
evolved with brisk effervescence. 


1. Action of Dilute Sulphuric Acid on Carbonates 


When a carbonate is treated with dilute sulphuric acid, carbon dioxide is liberated with 
sudden effervescence or ‘fizz’. As the reaction proceeds, the carbonate dissolves forming the 
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sulphate*. If the acid is in excess, the carbonate will completely dissolve to form a clear 
solution, and then there will be no more effervescence. For example, 


Na2CO3 + HoSO, Мао, + HO Со + 
sodium carbonate sodium sulphate 

CuCOs + H2SO4 = CuSO, 
copper carbonate copper sulphate 


ZnCOs T Ha3SO4. > . ZnSOq + HO + СО Ф 
zinc carbonate zinc sulphate 


Carbon dioxide is identified by the following observations : 


(1) itis a colourless and 
odourless gas, (2) it extinguishes a lighted splint, and (3) it turns lime water milky, 


Experiment 5-1. To study the action of dilute sulphuric acid on copper 
carbonate. 


+ HO + Соф 


Procedure. Take a small quantity of copper carbonate (about 0°5 gram) in a test tube 
and add a little dilute**, sulphuric acid (about 4-5 cm3). 


Observations. There is a sudden effervescence on 


adding dilute sulphuric acid and 
small bubbles of a colourless gas are formed. The gas has no odour. 


When a lighted splint is introduced in the gas, it is extinguished. 

When the gas is passed through lime-water, it turns milky. 

Deductions. The tests show that the colourless and odourless gas evolved is carbon 
dioxide. Hence, the given substance is a carbonate. 

Repeat the experiment with sodium carbonate and Zinc carbonate in separate test tubes, 

2. Action of dilute sulphuric acid on sulphides 

Dilute sulphuric acid liberates hydrogen sulphide from metal sulphides. 


The reaction 
often takes place in cold but warming may be necessary in some cases, As in the case of 


*In the case of lead carbonate and calcium carbonate, 


there is a sudden evolution of carbo: 
when dilute sulphuric acid is added, but the reaction soo! 


D dioxide 


nstops. The reason is that the lead sulphate and 
calcium sulphate formed are insoluble. These sulphates cover the originel carbonates and Prevent tho action 
of the acid on them. 
PbCO, 4 н50 > PbSO, + + но CO, 
lead carbonate ju lead sulphate Н 
(insoluble) 
CaCO, +  H,SO, + CaSO, + HO + 
calcium carbonate d calcium sulphate 0 “о, t 
(insoluble) 


However, if dilute nitric acid is used iu place of di 


lute sulphuric acid, whol 
with the liberation of carbon dioxides as their nitrates p 


le of these carbo; 
roduced are soluble, atos. dissolve 


POO, + 2HNO, > р 
lead carbonate % seat NOD. + HO + co, 
(soluble) 
CaCO +  2HNO 
calcium carbonate P танко. + HO + Со, 
(soluble) 


, **The sulphuric acid used is ІМ strong 
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carbonates, the metal sulphides dissolove in sulphuric acid forming soluble sulphates. For 
example, 
ZnS T Н504 > ZnSOa + Нз5 4 


zinc sulphide zinc sulphate 
FeS + HaSO4 > FeSOa + Н;5% 
iron sulphide iron(il) sulphate 


Hydrogen sulphide is identified by the following observations: (1) it is a colourless 
gas having the unpleasant smell of ‘rotten eggs’ (2) it produces a black stain* on a strip of 
filter paper moistened with lead acetate solution. 


Experiment 5-2. To study the action of dilute sulphuric acid on iron sulphide, 

Procedure. Place a small piece of iron sulphide in a test tube and add a little dilute 
sulphuric acid. Warm gently as the reaction is rather slow in cold. 

Observations. (1) A colourless gas is evolved with mild effervescence. 

(2) The gas has the smell of ‘rotten eggs’. 


(3) When a filter paper strip moistened with lead acetate solution is exposed to the 
gas, a black stain is produced on it. 


(4) Iron sulphide dissolves in dilute sulphuric acid to form a light green solution. 


Deductions. Iron ‘sulphide reacts with dilute sulphuric acid to give off hydrogen 
sulphide and dissolves forming a light green solution of iron (II) sulphate. 


FeS + HeSO4 E FeSO4 + HS t 
Repeat the experiment with zinc sulphide. 
3. Action of Dilute Sulphuric Acid on Sulphites 


When a sulphite, e.g., sodium sulphate, is warmed with dilute sulphuric acid, sulphur 
dioxide gas is evolved and the sulphite is changed to sulphate. For example; 


Na2SO3 + H2SOa > NasSO4 F но + SOs? 


sodium sulphite sodium sulphate 
ZnSOs E H3SO4 E ZnSO4 + НО T 8027 
zinc sulphite zinc sulphate 


Sulphur dioxide is identified by the following observations: (1) itis a colourless gas, 
having the choking smell of ‘burning sulphur’, (2) it produces a green stain on a filter paper 
soaked in potassium dichromate solution, and (3) it decolorizes the pink solution of potassium 
permanganate. (For explanations of these tests and chemical equations see Chapter 3). 


Experiment 5-3. To study the action of dilute sulphuric acid on sodium 
sulphite. 

Procedure. Place a small quantity of sodium sulphite in a clean, dry test tube, Adda 
little dilute sulphuric acid. Since no reaction occurs in cold, warm the mixture. 


«Тһе black stain is due to lead sulphide formed by the action of hydrogen sulphide on lead acetate, 
(CH.COOAPb + HS > PbS — + 2CH,.COOH 
lead acetate hydrogen lead sulphide acetic acid 
sulphide (black stain) 
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Observations. (1) On warming sodium sulphite with dilute sulphuric acid а colourlessr 
gas is evolved. х 

(2) The gas has Һе pungent and choking smell of ‘burning sulphur’, 

(3) When a filter paper strip soaked in potassium dichromate solution is exposed to the 
gas, it turns green. 

(4) When the gas is passed through potassium permanganate solution, its pink colou 
is discharged. k 

(5) Sodium sulphite dissolves in the acid to form a colourless solution, 


Deductions. When sodium sulpbite is heated with dilute sulphuric acid, sulphur dioxide 
is evolved and sodium sulphite dissolves forming a colourless solution of sodium sulphate, 


NagSOs + Н:504 + Ма504 + НО + SOs4 
Repeat the experiment with zinc sulphite, 
4. Action of Dilute Sulphuric Acid on Metals 
Dilute sulphuric acid reacts with active metals (і.е., metals above hydrogen in the 


activity series), such as magnesium, zinc, iron, etc., in the cold. In these reactions, hydrogen 
is evolved with brisk effervescence and the metal passes into solution as its soluble sulphate, 


For example, 
Mi + Н;504 > MgSO, T Hat 
magnesium magnesium sulphate 
Zo + H8O, + ZnSO, + Hot 
zinc zinc sulphate 
Fe T H2504 > FeSO4 Hat 
iron iron (II) sulphate 


Hydrogen is identified by the following observations : (1) it is a colourless and odourless 
gas, and (2) when a lighted splint is brought nearit, the splint is extinguished but the gas 
burns with a ‘pop’, 


Experiment 5-4. To study the action of dilute sulphuric acid on iron, 


Procedure, Place a little iron filings (about 0'5 в) in a test tube and add a little dilute 
sulphuric acid. 


Observations, (1) Brisk effervescence immediately ensues and tiny bubbles of a colours 
less gas are formed. 


(2) The gas has no odour, 


(3) When a lighted splint is brought near the mouth of 
guished but the gas burns with a ‘pop’, The flame of the burn 
pale-blue, 

(4) Iron dissolves in the acid forming a light green solution of iron 


Deductions, Iron reacts with dilute sul 
it forming iron (II) sulphate. 


Zn + Но > ZnSO, + Ha 


the test tube, the splint is extin- 
ing gas is almost invisible and 


(II) sulphate, 


phuric acid to liberate hydrogen and dissolves in 
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5. Action of Concentrated Sulphuric Acid on Chlorides 


Concentrated sulphuric acid reacts with metal chlorides on heating to liberate hydrogen 
chloride and convert the metal chlorides into corresponding sulphates, For example, 


A 
CaCls T HsSO4 ---> Са5О, + 2HCI А 
calcium chloride calcium su!phate 


^ 
ZnCls T H2504 | —— ZnSO4 ap 2HCl 4 


zinc chloride . zinc sulphate 


^ 
2NH4CI + HSO, -- — (NH4»SO. + 2HCI+ 


ammonium chloride ammonium sulphate 


Hydrogen chloride is identified by the follow observations: (1) it is a colourless gas 
with a pungent smell, (2) it produces dense white fumes of ammonium chloride in contact 
with a glass rod moistened with ammonia solution, and (3) when passed into silver nitrate’ 
solution, it produces a curdy, white precipitate of silver chloride. (See Chapter 3, for 
explanations and chemical equations). 


Experiment 5-5. To study the action of concentrated sulphuric acid on 
sodium chloride. j 


Procedure. Take а small quantity of sodium chloride (0:4-0:5 g) in a test tube and 
add a little concentrated sulphuric acid (4-5 стз). Heat the mixture gently, but do not boil, 


Observations. (1) A colourless gas is evolved when sodium chloride is heated with 
concentrated sulphuric acid. 


(2) The gas has a pungent smell. 


(3) When а glass rod dipped. іп ammonia solution is brought near the mouth of the 
test tube, dense white fumes are formed, 


(4) When the gas is passed through silver nitrate solution, a curdy, white precipitate is 
formed. 


Deduction. When sodium chloride is heated with concentrated suiphuric acid, 
hydrogen chloride is evolved. 


4 
NaCl + Н;504 —-» NaHSO, + HCIt 
Repeat the experiment with zinc chloride. 


6. Action of Concentrated Sulphuric Acid on Nitrates 


When a nitrate is heated with concentrated sulphuric acid, nitric acid is liberated. The 
nitric, всій: із partially decomposed by heat into water, oxygen, and nitrogen dioxide, The 
gaseous mixture evolved appears as heavy, dark brown fumes due to the nitrogen dioxide, 


NOs. 


For example, 


A A 
NaNOs + HaSOa :--->» МаН5Ол + HNOs 
S c 
4HNOs —- 2Н:0% + 02% + 4NOsf 
X | 
Т heavy, dark brown fumes 
If copper turnings are added to the hot mixture of concentrated sulphuric acid and the 


nitrate, the brown fumes becomes copious as more nitrogen dioxide is formed by the rcaction 
of copper and nitric acid. 


A 
Cu + 4HNOs —+ Cu(NOs) + 290 + 28509) 
The heavy brown fumes have a characteristic, pungent smell, 


Experiment 5-6. To study the action of concentrated sulphuric acid om 
sodium nitrate. 


Procedure. Place about 0:4-0:5 


E of sodium nitrate ina clean, dry test tube. Add 8 
little concentrated sulphuric acid, and 


heat. 
Observations. (1) Heavy, brown fumes are evolved. 
(2) The fumes have a characteristic Pungent smell, 


(3) On adding copper turnings to the hot reaction mixture, the brown fumes become 
more copious. Я 


Deduction. On heating with concentrated ie aci с : ives off 
sul te gives 
brown fumes of nitrogen dioxide, She, sodium nitrate £ 


4NaNOs + 4Н,504 Be 4Ni 


аНѕ0, + 2m0 + O, + 4NOat 
Repeat the exercise with copper nitrate and zinc nitrate, 


Flame Tests 


Flame tests are based on the fact that certain salts, particularly the chlorides, 
when heated directly in a non-luminous flame, volatilise and ionise, and their 
cations thus produced impart characteristic colours to the flame. Thus, these 
tests provide a simple method of identifying such cations. 


The best way of putting the salt in the flame is to carry it on a platinum (or 
nichrome) wire. A short length, about 4 cm, is sealed into the end of a glass rod 
which serves as the handle. The reason of using platinum is that it is very non- 
reactive and, therefore, neither gets oxidized in the flame, nor does it impart any 
colour to the flame itself. 
1. Procedure of Flame Test 
A flame test is performed in the following steps : 
(i) Cleansing the platinum wire. Take out a small quantity of concentrated hydro- 
chloric acid on a clean watch glass. Dip the free end of the platinum wire in the acid and 


glass rod 


plati num wire 
sealed through glass 


paste ‘of salt and 
.concentrated 


C oncentfated hydrochloric acid 


hydrochloric acid 


Fig. 6-1. The platinum'wire is kept Fig. 6-2. Introducing the paste of the 
immersed in a little concentrated substance and concentrated hydrochloric 
hydrochloric acid in a test tube so acid on the end of platinum 

that it will remain clean wire in the flame. 
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m 
introduce it into a non-luminous Bunsen flame. Dip again into the h 


ydrochloric acid, and 
re-heat. Repeat until no colour is produced in the flame, 


ed platinum wire. Hold the end in the 
bottom side of the non-luminous flame (Fig. 6-2), Observe the colour imparted to the flame 
first with naked eyes and then through a blue glass, 


2. Deduction from Flame Coloration 


Make appropriate deduction from your observation of the flame coloration according 
to the table given below : 


a e a De ا ی‎ 


Flame coloration 


й Metal[cation indicated 
With naked eyes Through blue glass 
l. Bright golden yellow, Nil Sodium, Nat 
Very persistent 
2. Violet Pink Potassium, K+ 
3. Orange-red; flickering Very light green Calcium, Ca2+ 


H 0 . 451 
After performing the test, replace the platinum wire in the test tube containing сопсеп- 
trated hydrochloric acid (Fig. 6-1). 
3. Precautions in Flame Tests 


(1) The platinum wire must not be dipped into the hydrochloric acid Teagent bottle ag 


any impurities on it would contaminate the entire acid, A 


small quantity of the acid (about 
2-3 cm?) should be taken out on a clean watch glass, 


(2) The acid used in cleaning platinum wire Must not be used for m 
the substance for the flame test; it has been contaminated wit 
Throw away this acid, thoroughly wash the wate 
for the test. 

(3) The flame test must not bc 
wire is not available, a *nichrome' (an 
substitute. 


(4) The golden-yellow flame of s 
momentarily should be neglected; it ma 


aking the paste of 
h traces of salts on the wire 
h glass, and Pour out a fresh lot of the acid 


applied with a match Stick, splint, eto, 


у If а platinum 
alloy) wire or the lead of а pencil can 


be used as a 


odium is very persistent. A yellow flame арреа 
y be due to impurities in the given substance, 


oured, do not apply flame rest.* Why ? 


ring 
(5) If the given substance is col 

Eee ae 
АП common compounds of Sodium, potassium, and calcium are either colourless or white, 


ы 
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4. ASample Experiment 


Experiment 6-1. To identify the metals in samples A, B and C by flame 
tests. 


Method. Clean the platinum wire by dipping it into concentrated hydrochloric ac'd 
taken out on a clean watch glass and heating in a non-luminous flame. Repeat until colour 
no longer appears in the flame. 

Make a paste of a small quantity of the sample A with concentrat 
on a clean watch glass. Pick up a little of 
bottom side of the non-luminous flame. 


Repeat with samples B and C. 
Observations. Sam 
through a blue glass. 


ed hydrochloric acid 
the paste on the end of the wire and hold it in the 


ple Aimparts a violet colour to. the flame which appears pink 


Sample B imparts a golden yellow colour to the flame. 


The colour is masked when 
viewed through a blue glass, 


Sample C imparts an orange-red colour to the flame which appears light green througb 
8 blue giass. 


Deductions. (1) Sample A contains potassium, 
(2) Sample B contains sodium. 
(3) Sample C contains calcium, 


Action of Sodium Hydroxide Solution 
on Substances 


Sodium hydroxide, NaOH, is an important alkali. 
and. dissociates in solution into Ма? and OH- 
its solution is added to the solutions of salts c 
Pb?*tZn2*, etc., the OH- 


ydroxide solution. Thus, these metal 


ions can be easily identified by observing the action of sodium hydroxide on 


their solutions. 


Ammonium salts (NH4*), when heated with sodium hydroxide solution, give 


off ammonia. As such, an ammonium salt can be easily identified by heating it 
with sodium hydroxide solution, and delecting the ammonia evolved by suitable 
tests. 


1. General Procedure 


Make a solution of the given substance in water or, if insoluble in water, in dilute 
hydrochloric acid. Take a few cm3 of the solution in a test tube. Add sodium hydroxide 
solution* in small portions, shake the test tube after each addition. Ifa precipitate forms, 
note its colour and texture, and then continue adding sodium hydroxide solution until the 


volume of the mixture has trebled. The mixture now contains un =zcess of sodium hydroxide, 
Note whether or not the precipitate dissolves. 


If a precipitate does not form on addition of the 


Sodium hydroxide Solution, heat the 
mixture. Observe by smell if ammonia is evolved or not 


^. Action on Calcium Salts 
When sodium hydroxide solution is. added to the Solution ofa calcium salt, a white 
ecipitate of calcium hydroxide is formed. The precipi 


tate is thin and consists of fine particles, 
or example, 
СаСо + 2NaOH ., Ca(OH) | 4 2М№асі 
calcium sodium calcium Sodium 
chloride hydroxide hydtoxide chloride 
EUM Ud Da a i 


*A 2M sodium hydroxide solution ig used. 
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іп general, 
Catt + 20H- ¬+ Cs(OH)| 
The precipitate of calcium hydroxide does not dissolve in the excess of sodium hydro- 
xide solution, 
Experiment 7-1. To study the effect of sodium hydroxide on calcium salts, 
Method, Takea pinch of calcium chloride in a test tube. Dissolve it in the least 


possible quantity of water to obtain a saturated solution. To the solution add sodium 
hydroxide in small amounts at a time till it is an excess. 


Observation, A ‘white precipitate consisting of very fine particles is formed. The 
precipitate does not dissolve in the excess of the alkali. 
Inference. Тһе Ca?* ions form a white precipitate of Са(ОН) on adding alkali, 


Repeat the experiment with calcium nitrate. Similar result will be obtained, 


та 


3. Action on Copper Salts 


On adding sodium hydroxide solution to the solution of a copper salt, i.e., a solution 
containing Cu** ions, a blue precipitate of copper (JI) hydroxide, Cu(OH)s, is formed. For 
example, 


SUE + ЖЫЛЫН > REM Y + Ма;504 
d 

қары айтат Бо 

In general, 


Cut + 20H- + Cu(OH) { 


The precipitate of copper (I1) hydroxide does not dissolve in the excess of the sodium hydro- 
xide solution. However, if the mixture containing the blue precipitate is boiled, it turns 
black. This is because copper hydroxide changes into black copper (II) oxide by the action of 
heat. 


А 
E d id ei go oxid + Hio 
борае У) yn. bos ppt.) х 


Experiment 7-2. То study the action of sodium hydroxide on copper salts, 


Method, Dissolve about 0:3-0'4 g of powdered copper sulphate in minimum quantity 
of water in a test tube, To the solution add sodium hydroxide solution, a few drops at a time 
and with shaking, til! in excess. 


Observation, A light blue precipitate is formed that does not dissolve in the excess of 
the alkali, When the reaction mixture is heated, it turns black, rus 

Inference, Тһе Си?" ions form a precipitate of Cu(OH)s on the addition of alkali. On 
heating, it changes to black copper (II) oxide, CuO. 


Repeat the experiment with copper chloride and copper nitrate, Identical Result will 
be obtained in each case, um 
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4. Action on Iron (II) Salts 


Addition of sodium hydroxide solution to the solution of a ferrous or iron (II) salt, 
produces a light green precipitate of iron (II) hydroxide, Fe(OH). The texture of the preci- 
pitate is gelatinous. 


FeSO4 + 2NaOH > Fe(OH): t + NaoSO4 
iron (IT) sodium iron (II) sodium 
sulphate hydroxide hydroxide sulphate 


In general, 
Fé* + 20H- ^ Fe(0Hy| 
The precipitate of iron (II) h 


ydroxide does not dissolve in the excess of sodium hydro- 
xide solution. 


Experiment 7-3. To observe the acti 
(Ш) salts. 


Method. Dissolve a pinch of ferrous sulphate, oriron (II) sulphate, in a small quantity 
of distilled water in a clean test tube. To the light green. solution formed add sodium hydro- 
xide solution, in small lots and with shaking after each addition, till the alkali is i 

Observation. A dirty green, gelatinous precipitate, 
dissolve in the excess of sodium hydroxide solution. 

Inference, Fe®+ ions react with sodium 
precipitate of Fe(OH)s. 


Repeat the experiment with iron (II) chloride, 


on of sodium hydroxide Solution on iron 


n excess, 
is formed. The precipitate does not 


hydroxide solution to produce a dirty green 


Similar result will be obtained, 
5. Action on Iron (III) Salts 


When sodium hydroxide solution is added to the so 
ferric salt) containing the Fe3+ ions, 
xide is formed. For example, 


FeCle + 3NaOH >» Fe(OH) | + 3NaCl 
iron (III) sodium iron (III) sodium 
chloride hydroxide hydroxide chloride 


In general, 


lution of an iron (III) salt (or, a 
8 brown precipitate of iron (ITI) hydroxide or ferric hydro- 


Fe9* + 30H- + Fe(OH); | 
The precipitate of iron 
xide solution. 


een, 7-4. To study the action of sodium hydroxide Solution on iron 
(III) or ferras salts, 


Method. Dissolve a few crystals of ferric chloride or 
quantity of water in a clean test tube. To 
solution, a few drops at a time and with sh 


. Observation. A brown precipitate is formed that does not dissolve in the excess of the 
alkali, 


(Ш) hydroxide does not dissolve in the excess of sodium hydro- 


iron (III) chloride in a small 
the yellow solution obtained add sodium hydroxide 
aking, until it is in excess, 


Inference. Fe ions form a brown preci 


pitate of Fe(OH) when alkali is added, 
Repeat the experiment with iron (III) nit 


fate, Identical result will be obtained, 
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&. Action on Lead Salts 
On adding sodium hydroxide to the solution a lead salt, i.e., a solution containing Pb** 
ions, a white precipitate of lead hydroxide is formed. For example, 
Pb(NOs)2 + 2NaOH — Pb(OH)s | T 2NaNOs 
lead nitrate sodium hydroxide lead hydroxide Sodium nitrate 
In general, Ры” + 20H* + РЫОН) { 
The white precipitate of lead hydroxide dissolves in sodium hydroxide solution added 
in excess. This is because it reacts with sodium hydroxide to form soluble lead plumbite, 


Pb(OH)s + 2NaOH > NasPbOa + 2Н:0 
lead hydroxide sodium lead plumbite water 
(insoluble) hydroxide (soluble) 


Experiment 7-5. To study the action of sodium hydroxide solution on lead 
salts. 

Method. Dissolve a few crystals of lead nitrate in a small quantity of distilled water. 
To the solution add sodium hydroxide solution, a few drops ata time and with shaking after 
each addition, till the alkali is in excess. 

Observation. А white precipitate is first formed which dissolves in the excess of the 
alkali yielding a clear solution, 

Inference. РЫЗ? ions produce a white precipitate of РЪ(ОН)» on treatment with sodium 
hydroxide solution, The precipitate dissolves in the excess of the alkali. 


7. Action on Zinc Salts 
When sodium hydroxide solution is added to the solution of a zinc salt, i.e., a solution 
containing 202+ ions, а white precipitate of zinc hydroxide, Zn(OH)s, is first formed. For 
example, 
таси + 2NaOH > Zn(OH)s | + 2 
sodium zinc 
chloride hydroxide hydroxide chloride 


In general, 
Zn + 20H- + Zu(OH)| 
On adding sodium hydroxide solution in excess, the precipitate of zinc hydroxide dis- 
solves owing to the formation of soluble sodium zincate. 


Zn(OHy + amon > Bern + 20 
hydro: sodium ium zincate 
а) е hydroxide (soluble) bs 


Thus, the observations on the addition of sodium hydroxide solution are identical for 
both lead and zinc salts—first, formation of a white precipitate and then dissolution of the 
precipitate in the excess of the alkali. However, distinction between the two salts can be 


easily made by tests given in Chapter 9. 
Experiment 76. To study the action of sodium hydroxide solution om zinc 


salts. 
Method. Dissolve a pinch of zinc sulphate in a small quantity of water in a clean test 
tube, To the solution obtained add sodium hydroxide solution, drop by drop and with 


shaking, till it is in excess. 
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Observation. А white Precipitate is formed that dissolves in the excess of ‘sodiuni 
hydroxide solution. 


Inference. Оп adding sodium hydroxide to a solution containing Zn?* іопѕ'а white 
precipitate of Zn(OH)s is formed waich dissolves when more alkali is added, 


ZnSO, + 2NaOH + Zn(OH)| + NasS04 
Zn(OH)2 -- 2NaOH > NasZnOs + 2Н:0 


Repeat the experiment with zinc chloride and 
obtained, 


8. Action on Ammonium Salts 


zinc nitrate; identical results will be 


When an ammonium salt or its solution 


in water is heated with sodium hydroxide 
solution, ammonia is evolved. For example, 


^ 
NHAC! + NaOH — NaCl + но 


ammonium chloride sodium hydroxide sodium chloride water a EUR 
In general, 
NH4+ + OH А Н. 
МН; G ---> о 
(from the (from the 2 WE NHs4 
ammonium salt) alkali) 


The ammonia evolved is readily recognized b 
confirmation can be made by exposing moi 


Experiment 7-7. 


To study the action of sodium hydroxide solution on 
ammonium salts; 


Method. Take a pinch of amm Add 

A Я а few drops 

of sodium hydroxide solution and heat gently. Carcfully smell the gas evolved. i P 
Observation. A colourless gas havin 


4 
(NH4j5SO, + 2хаон — NagSO, + 2H;0 + 2NH; 
Мз + HCl —. NH4CI (white fumes) 


Inference. When heated with Sodium hydroxide soluuou ammoni : 

moni ^ 
ammonia, 2 "m salts give off 
Repeat the experiment with &mmonium chloride, Similar result will be obtained 


Qualitative Analysis 


The identification of an unkuown substance is a very important branch of chemis- 
try which plays an important role in the manufacture of countless products by 
chemical processes, Qualitative analysis, as it is called, has been brought to a 
high level of perfection, and highly sensitive tests have been devised to detect 
substances even when they are present in traces. | 


The qualitative analysis of a salt involves the identification of its metallic part or 
the basic radical and the non-metallic part or the acid radical. If a salt is regarded 
as the product of neutralization of an acid and a base; the metallic part of the 
salt is provided by the base and is, therefore, called the basic radical, and the 
non-metallic part by the acid which is, therefore, called the acid radical. For 
example, the salt sodium chloride is formed by the neutralization of sodium 
hydroxide (the base) and hydrochloric acid. 


HCI T NaOH ج‎ NaCl + Н:0 
hydrochloric sodium hydroxide sodium chloride water 
acid base (salt) 


The sodium jn the salt comes from the base and is the basic radical; chlorine 
comes from the acid, and is the acid radical, called the chloride radical. In 
solution, the basic and acid radicals exist as the corresponding ions, e.g, Nat 
and СІ“. Some common basic and acid radicals are : 


БЕРТТІ"" ЕЕЕ Basic radicals 
1. Carbonate, СОз2- 1, Calcium, Ca2+ 
2. Sulphide, S2- 2. Copper, Cu?* 
3. Sulphite, 5032- 3. Iron (II), Fe?* 
4. Chloride, C1- 4. Iron (IID), Fe? 
5. Nitrate, NO37 5. Lead, Pb?* 
6. Sulphate, 5042- 6. Zinc, Zn?* 
7. Ammonium, NH4* 


1. Onmalitative Analysis of Salts 
The qualitative analysis of an unknown salt involves the identification of its constituent 
acid and basic radicals by applying suitable tests. Some of the usual tests are— 
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Action of dilute sulphuric acid or hydrochloric acid. 4 

Action of concentrated sulphuric avid. * for acid radicals 
Tests with special reagents in solution. 

Action of sodium hydroxide solution. 

Action of ammonium hydroxide, for basic redicals 

. Flame tests (Chapter 6). 


Before proceeding to tests for the acid and basic radicals in the salt, note its colour and 
whether it feels heavy or light. 

(1) If the salt is blue, copper (Cu?*) is indicated. 

(2) If the given salt is light green, iron (II) is indicated, 

(3) If the given salt is yellow, iron (III) is indicated. 

(4) If the given salt feels exceptionally heavy, lead is indicated. 

(5) If the salt feels exceptionally light, it may be magnesium carbonate, 
2. Dilute Sulphuric Acid Test 


ques Әм 


The test is applied by treating the given salt with dilute sulphuric acid, first in the cold 
and then by using heat. The identity of the acid radical is determined by identifying the 
gaseous product of the reaction, if any, by suitable tests. 


Procedure. Take a small quantity (about 0:2 g) of the given salt in a dry test tube and 
add 3-4 cm? of dilute sulphuric acid. First observe the change, if any, in the cold, and apply 
suitable tests to identify the gas evolved. If there is no change in the cold, warm (do not boil) 
the contents of the test tube, and observe if any gas is evolved, Identify the gas by applying 
suitable tests. 

Deductions. On the basis of the observations it is 
therefrom to deduce the acid radical in the sait. 

Table 8-1. 


Observation / Deduction of 
acid radical 


Possible to identify the gas and 


Dilute Sulphuric acid test 
Confirmatory test 


1, Sudden effervescence ensues in Carbonate 
cold, and a colourless and CO,2- 
odourless gas is evolved. 

2. А colourless gas with the smell Sulphide 
of rotten eggs is evolved on S27 
warming. 


Pass the gas through lime water; it 
is turned milky, 


Soak a strip of filter paper in lead 

acetate solution. Hold it over the 

mouth Of the test tube; a black 

stain is produced on the paper. 

3, А colourless gas with the smell ^ Sulphite (i) Hold а moist blue litmus paper near 

af burning sulphur (or burning SOg2” the mouth of the test tube; it turni 
matchstick) is evolved on war- red, А : 
еч (ii) Soak a strip of filter Paper in pota- 
ssium dichromate solution, Hold it 
Over the mouth of the test tube; the 


moist part becomes green. 
Note. Dilute hydrochloric acid can be used nla ب ج‎ 


same gases will be evolved. in place of dilute sulphuric acid; the 
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Explanations. І. The carbonates give off carbon dioxide (COs) by the action of 
dilute sulphuric acid in the cold. Carbon dioxide is a colourless and odourless gas. For 
example, 

ZnCOs + HaSO4 > 7150, + HO + СОг t 

Carbon dioxide turns lime-water (calcium hydroxide) milky as it reacts with it to form 

insoluble, white particles of calcium carbonate. 


Са(ОН) T CO2 > СаСОз { + H30 


calcium hydroxide carbon calcium carbonate water 
(lime water) dioxide v—n 
milky liquid 


2. When a sulphide is warmed with dilute sulphuric acid, hydrogen sulphide (H2S) is 
evolved. It is a colourless gas with e characteristic smell of rotten eggs. For example, 


A 
FeS + Н;50О4 > FeSO, + HS f 


Hydrogen sulphide blackens lead acetate paper due to the formation of black lead 
sulphide. 


(CHs.ÇOO)3Pb + HeS —— PbS ar 2CH3.COOH 
leac acetate hydrogen lead sulphide acetic acid 
sulphide (black) 


3. When a sulphite is warmed with sulphuric acid, sulphur dioxide gas is evolved, It 
is a colourless gas with a sharp, pungent, and suffocating smell of burning sulphur. For 
example, 


NagSOs + HaSO4 aa Маҙ5О4 + HO + 502? 
sodium sulphite sodium sulphate sulphur dioxide 
Sulphur dioxide combines with water to form sulphurous acid. This is why it turns 
moist blue litmus paper red. 
H:O + SOg > HaSOs (sulphurous acid) 


Sulphur dioxide turns filter paper soaked in potassium dichromate solution (orange 
colour) green by reducing it to chromic sulphate. 


KaCrogO; + Н:504 + 350: + KeSOq + Cra(SOg)a + НО 


otassium sulphuric sulphur potassium chromium 
dichtomate acid dioxide sulphate sulphate 
аан ЕЕЕ“ — —À MÀ 
orange solution green solution 


2-1. Another confirmatory test for sulphite., Take about 1 cm? of dilute sul- 
phuric acid in а clean test tube. Add to it 4-5 drops of potassium permanganate solution, A 
pink solution will result. Add a pinch of the sulphite salt, e.g., sodium sulphite, and gently 
warm. The pink colour of the solution will be discharged, i.e., the solution will become 


colourless. 


In this test sulphur dioxide is evolved by the reaction between the sulphite and hot, 
dilute sulphuric acid. Sulphur dioxide is a reducing reagent. It reduces potassium permanga- 
nate to colourless manganese sulphate and, therefore, the solution becomes colourless, 


A 
NasSOs + 2Н:5О4 --» 2NaHSO, + HO + 6504) 


sodium sulphite sulphur dioxide 
2KMnOg + 2Н:0 + 5S0; +>  KSO4 + 2MnSO, + 2Н;504 
potassium potassium manganese sulphuric 
permanganate sulphate sulphate а 
“--------/----------- ——————— —— e) 
pink solution colourless solution 


Experiment 8-1, To find the gases evolved when the given substance Al ig 
treated with dilute sulphuric acid and make deductions from the observation, 


Msthod. Place a portion (about 02-0:3 g) of the substance Alin a clean, dry test 
tube. Add about 4 cm? of dilute sulphuric acid to the substance in the test tube, 


Observation. A brisk effervescence occurs in the cold due to the evolution of a colour- 
less and odourless gas. 


Identification of the gas evolved, Pass the gas through lime water by means of a dı 
tube. The lime-water turns milky. 


This test shows that the gas evolved is carbon dioxide, 
Deduction. The acid radical in the given substance A1 is carbonate, СОз2-, 


elivery 


Experiment 8-2. To find the gas evolved when the given substances A2 is 
treated with dilute sulphuric acid and make deductions from the observations, 


Method. Place about 0:2—0:3 g of the substance A2 ina clean, 


dry test tube, 
about 4-5 cm? of dilute sulphuric acid. Warm gently, be. Add 


if no reaction occurs in the cold. 
Observation. No reaction appears to occur in the cold. On warmin 
gas is evolved with the smell of rotten eggs, com 


Identification of the gas evolved. Soak a strip of filter Paper in lead acetate 


and hold it over the month of the test tube. А black stain appears on the strip of fl solution, 
This test shows that the gas evolved is hydrogen sulphide, ter paper, 
Deduction. "The acid radical in the given substance ig sulphide, S- 
Experiment 8-3. To identify the acid radical 

A3 by the dilute sulphuric acid test, teal present in the given substance 
Method. Take pinch of the substance A3 ina cle 

of dilute sulphuric acid. Warm gently, as no reaction dd EM tube, Add about 2 сш? 
Observation, On warming, a colourless gas with th € cold. 

evolved. € smell of burning sulphur is 


Identification of the gas evolved, 
the test tube; it turns red, 


(2) Hold a filter paper strip 
of the test tube; it turns green, 
These tests show that the 
gas evolved is sulphur dioxi 
Deduction. The acid radical in substance A3 i Sos : 
te, 8058-, 


(1) Hold a moist blue litmus paper near the mouth of 


soaked j ; 
1D potassium dichromate solution near the mouth 
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$. Concentrated Sulphuric Acid Test 

As described in Chapter 5, this test is used for the identification of the acid radicals 
chloride and sulphate. When heated with concentrated sulphuric acid, chlorides give off 
hydrogen chloride and the nitrates give off nitrogen dioxide. These gases сап be identified by 
suitable tests. Obviously, if a substance gives off hydrogen chloride when heated with con- 
centrated sulphuric acid, it is a chloride, and if it gives off nitrogen dioxide, it is a nitrate. 

Procedure. Place a portion of the given substance (about 0:2--03 р) in a clean, dry 
test tube ina holder. Add 3-4 cm3 of concentrated sulphuric acid to the substance, and 
heat gently. Do not boil the acid and be careful to keep the test tube pointed away from 
everyone, 

Apply suitable tests to identify the gas evolved. 


Deductions. Make deductions pertaining to concentrated sulphuric acid test according 
to the Table 8-2, 


Table 8-2. Concentrated sulphuric acid test 
—À 
Observation Acid radical Confirmatory tests 
indicated 
1. A colourless gas with a pun- Chloride ` (i) Hold a moist blue litmus paper 
gent smell is evolved, [ou ` near the mouth of the test tube. 


The litmus paper turns red, 

(ii) Dip glass rod in ammonia solu- 
tion and hold the mositened end 
near the mouth of the test tube, 
Dense white fumes are pro- 


duced. 
2. Dense, brown fumes with a Nitrate (1) Add copper turnings to the hot 
characteristic pungent ‘smell NOs” reaction mixture in the test 
are evolved. tube. The evolution of fumes 


becomes more copious. 


(i) Soak a filter paper іп freshly 
prepared saturated solution of 
iron (II) sulphate in water. 
Black colour is produced on the 
filter paper. 

RB mab ce сы ai лл ИРЕ, - 
Explanations, |, Hydrogeu chloride is an acidic gas and, therefore, it turns moist blue 
litmus paper red. 
When hydrogen chloride comes ій contact with ammonia, dense, white fumes of 
ammonium chloride are formed. 


МН; 4 HC! —— NHA4CI 
ammonia hydrogen chloride ammonium chloride 


$6 
2. When a nitrate is heated with concentrated sulphuric acid 
The nitric acid is partially decomposed by heat into water, oxygen, 


Zn(NOs), + Н;504 —> 21504 + 2HNO, 


zinc nitrate nitric acid 


, nitric acid is liberated, 
and nitrogen dioxide, 


A 
4НМ№Оз —> 2Ң;0 + 04 + 4NOz t 


The brown colour of the gas evolved is due to nitrogen dioxide, NO». 


On adding copper turnings to the hot reaction mixture of a 


nitrate and concentrated 
sulphuric acid, the copper and the free nitric acid interact to Bive copious fumes of nitrogen 


dioxide. 
Cu + 4HNOs > сц NOs): + 290 + 2NO; + 
4 nitrate water nitri 
Copper ( ат піца алі popper diox ide 


Nitrogen dioxide is reduced to nitric oxide, 
combines with unreacted iron (П) sulphate to fo 
FeSO4.NO. 


NO, by iron (П) sulphate, 


The nitric oxide 
tm а black coloured additi 


ion compound, 


3-1. Other confirmatory tests for chlorides, 
with about an equal amount of manganese dioxide, Tak 
add a little concentrated sulphuric acid. Heat the mixture, 
readily recognized by its pale-green colour and unplea: 
the chloride is sodium chloride— 


(1) Mix about 0-2 8 of the chloride 
e the mixture in a dry test tube and 

Chlorine gas will evolve. It ig 
sant, suffocating odour, For example, if 


A 
2NaCl + MnOs 4- 3H3804 —> 2N 
Following tests may be employed for confir 
l. The gas turns a moist blue litmus pape 


aHSO, + MnSO, + 290 + Cle + 
Ming the identity of chlorine gas: 
T first red and then bleaches it colourless, 
The reason is that chlorine Teacts with water to form hydrochloric and hypochlorous 
acids (Сі; + HO — HCI + HCIO). These acids turn blue litmus red, Hypochloroug acid, 
HCIO, soon decomposes to Bives nascent oxygen (HCIO -> НСІ + O) which bleaches the 
litmus paper. 
2. Dip a filter paper strip in a mixed solution of 
paper thus obtained is called, ‘starch-iodide’ paper. 
mouth of the test tube. A blue colour will appear. 


starch and Potassium iodide. The 
Hold the Starch-iodide Paper near the 


The explanation is that chlorine displaces iodine from potassium iodide Solution, The 
displaced iodine produces a dark blue colour with starch. 


2KI 4 СҢ” 7% 2KCI 
pot. iodide chlorine pot, chloride 


2. Dissolve a pinch of the given salt* in distilled water, 
nitrate solution, A curdy, white Precipitate o 


Ip 


iodine 


) To the Solution add Silver 
f silver chloride wil] form. For example, 


NaCl + АМО; -> NaNOg + AgCI} 


sodium chloride silver nitrate Sodium nit; te > er chloride 
*The chlorides Biven to you will all be Soluble in water. 
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Divide the precipitate in two parts. To the first part add concentrated nitric acid; the 
precipitate will not dissolve. To the other. рагі add ammonium hydroxide; the Precipitate 
will readily dissolve. 


9-2. 'Ring test? for nitrate. Dissolve a- pinch of 
the given nitrate in distilled water in a test tube. Add nearly 
an equal volume of freshly Prepared saturated solution of 
iron (П) sulphate. Hold the test tube at an angle (Fig. 8-1) 
and carefully pour concentrated sulphuric acid down the side 
of the test tube. A brown ring will appear at the junction of 
the two liquids. 


solution of iron (1) 
sulphate and а nitrate 


conc. sulphuric acid 


The dark brown colour of the ‘ting’ is due to the Fig. 8-1, ‘Ring test’ for 
addition compound FeSO4.NO. nitrates, 


Experiment 8-4. To find the gases evolved when the given substance A reacts 
with concentrated sulphuric acid and make deductions from the observations, 


Method. Take a small portion (about 0:2—0:3 8) of the given substance in a clean dry 
test tube ın a holder. Add about 3-4 cm? of concentrated sulphuric acid, and heat gently, 

Observation. A colourless gas with pungent smell is evolved, 

Identification of the gaseous product. (1) Hold moist blue litmus Paper over the 
mouth of the test tube; it goes red. 

(2) Bring a glass rod moistened with ammonia solution near the mouth of the test 
tube; white fumes are produced. 

(3) Pass the gas through delivery tube into silver nitrate solution; a white precipitate is 
formed. 

Treat the precipitate with ammonia solution; the precipitate readily dissolves, 

All these tests snow that the gas evolved is hydrogen chloride. 

Deduction. The acid radica! in the given substance A is chloride, 

Experiment 8-5, To find the gas evolved when the given substance B ig 
heated with concentrated sulphuric acid and make deductions from the observa- 
tions. 

Method, Take a small amount of the given substance in a clean, dry test tube, Add 
about 3-4 cm? of concentrated sulphuric acid, and heat gently. 

Observation. А brown gas witha characteristic pungent smell is evolved, 


Identification of the gas. 1. Pass the gas through delivery tube into a freshly prepared 
saturated solution of iron (II) sulphate; the solution turns dark black, 

2. Add some copper turnings to the hot reaction mixture in the test tube; the brown 
fumes become copious. 

These tests show that the gas evolved is nitrogen dioxide, 

Deduction. The acid radical in the given substance B is nitrate, NO37. 
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4. ‘Test for Sulphate Radical 


(1) Dissolve a pinch of the given sulphate* in 2 cm? of distilled water іп a test tube. To 
the solution add about 1 cm3 of barium chloride solution. A thick, white precipitate of 
barium sulphate willform Add dilute hydrochloric acid to the precipitate; it will not dissolve. 
For example, : W 


NasSO4 ар Васі» > 2NaCl zb BaSOa { 


sodium sulphide barium chloride “sodium chloride barium sulphate 
ZnSO4 + BaCl ج‘‎ ZnCls + BaSO. | 
zinc sulphate | barium chloride zinc chloride barium sulphate 


(2) Disolve a pinch of the given sulphate in 2 cm3 of distilled water ina test tube. To 
the solution add about an equal volume of lead nitrate solution in distilled water. A thick, 


white precipitate of lead sulphate will form. Add concentrated nitric acid to the precipitate; 
„it will not dissolve, For example, : 


Хаз5О4 + Pb(NO; 2NaNO, Pb*O 
sodium CET 1 7% sodium ME I lead ats 
_ 21804 + Pb(NOs)a > Zn(NOg)a + PbSO4| 
zinc sulphate lead nitrate 


zinc nitrate lead sulphate 
Experiment 8-6. To test whether the given salt A7 contains sulphate radical 
or not. 
Method. Dissolve a small amount (about 0:5 B) of the salt. A7 in 5 cm3 
water. Divide the solution in two parts, 
і. To one part of the solution add about an e 
followed by dilute hydrochloric acid. 


ii, To the other part add about an equal volume of lead nitrate solution followed by 
concentrated nitric acid. 


Observations. (i) A white precipitate is formed on addin 
The precipitate does not dissolve in hydrochloric acid. 

(ii) A white precipitate is formed on adding lead nitrate solutio 
not dissolve in nitric acid. 

Deduction. The salt A7 contains sulphate radical, 5042-, 


2, Identification of Bssic Radicals 
A simple method for the identification of the b 

and Zn®+ consists in adding sodium hydroxide to th 
All of these radicals are precipitated as the correspo. 
CaCl + 2NaOH > 

CuSO, + 2NaOH > 

FeSO, + 2NaOH > 

FeCl3 + 3NaOH ¬+ 

=> 

> 


of distilled 


qual volume of barium chloride solution 


g barium chloride solution, 


n. The precipitate does 


asic radicals Ca?*, Cu2+, Fe2+, Fest, рыз, 
e solution containing the basic radical. 
nding hydroxides**, Thus, 

Са(ОН» | + 2NaCI 

Cu(OH); | + Na;S04 

Fe(OH)a | + М№аз504 

Fe(OH)s | + 3Масі 

Pb(OH); | + 2NaNOs 

Zn(OH); | + Na;SO, 


РЫ(МОз)» + 2NaOH 

ZnSO, + 2NaOH 
ا‎ o 

“Алу sulphate given to you for identification will be water-soluble. 

**Calcium hydroxide is not precipitated if the solution is very fino. 
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The hydroxides of copper, iron (II), and iron (III) are readily recognized by their 
characteristic colours. 
The hydroxides of calcium, lead, and zinc are white. However, the hydroxides- of 
lead and zinc are amphoteric, and dissolve in the excess of sodium hydroxide solution. 
Zn(OH) + 2NaOH .—  Na;ZnOs + 2H30 
water 


zinc sodium sodium zincate 
hydroxide hydroxide (soluble) 
Pb(OH)2 + 2NaOH +>  NagPbOs + 2Н40 
lead sodium sodium plumbate water 
hydroxide hydroxide (soluble) 


Therefore, if the white precipitate formed upon the addition of sodium hydroxide 
solution to the solution of the salt does not dissolve in excess alkali, it indicates calcium. 

Method. The method of identifying basic radicals by adding sodium hydroxide 
solution involves the following steps : 5 

(1) Preparation of the solution of the salt. Take about 02-03 g of the sample іп а 
clean test tube, Add about 4-5 cm? of distilled water, and shake. If the salt does not 
dissolve, heat until the liquid boils. If the salt does not dissolve even in hot water, take a 
fresh lot of the salt in another test tube, and add 4-5 cm3 of dilute hydfochloric acid, Shake 
thoroughly. If effervescence occurs, wait till it subsides. A clear solution should form, In 
some cases, solution may have to be prepared in dilute nitric acid. 

Note tne colour of the solution obtained. 

i. Blue colour of solütion indicates copper salt or Cu?* ions. 

di. Light green colour indicates ferrous salt or Fe2* ions. 
iii, Yellow colour indicates ferric salt or Fe9* ions. 
iv. Colourless solution indicates absence of these ions. 

(2) Addition of sodium hydroxide solution. To the solution of the salt in a test tube, . 
add sodium hydroxide solution from the reagent bottle, dropwise. Make observation with 
regard to the following : 

(i) If a precipitate is formed or not. 

(ii) 1f a precipitate is formed, what is its colour ? 

(iii) Whether the precipitate dissolves in excess alkali or not. 

(iv) Whether the colour of the precipitate is changed on heating or not. 

(3) Making deduction. Make deductions based on observations according to Table 8-3, 


Table 8-3. “Action of sodium hydroxide on the solution of the given sait 
Observation Basic radical indicated . 
1. White precipitate consisting of very fine particles; insoluble Calcium, Cat* 
in excess NaOH 
2. Light blue precipitate; insoluble in excess NaOH but turns Copper, Са? 
black on boiling. 
3, Light green, gelatinous precipitate; insoluble in excess Tron (1D, Fe?* 
NaOH. 
4. Reddish-brown precipitate; insoluble in excess NaOH. Tron (Ш), Fe** 
5. White precipitate that dissolves in the excess of sodium Lead, Pb?*, or Zinc, 


hydroxide solution. Zat 


5-1. Identification of NH4*. The addition of sodium hydroxide solution to the 
solution of an ammonium salt does not produce a precipitate, However, on warming 
ammonia is evolved. This gas can be readily recognized by its characteristic odour, Confirm 


~ its identity by the following tests : 


(i) Hold moist red litmus paper over the mouth of the test tube; it goes blue. 


(#) Bring a glass rod moistened with concentrated hydrochloric acid near the mouth of 
the test tube; dense white fumes are procaced, 


6. Distinction Between Lead and Zinc 


If on adding sodium hydroxide solution to the solution of the 
is formed that dissolves in the excess of sodium hydroxide solution, 
or zinc, To make distinction between the two, dissolve the given sa 
acid, and divide the solution in two parts, 


i. To one part of the solution add dilute hydrochloric acid, If a white Precipitate is 
formed, the salt contains lead or Pb2+, The Précipitate is lead chloride. For example, 


Pb(NOs)2 + 2HCI + РЫСЫ + 2HNOs 
leüd nitrate lead chloride 
(white ppt.) 
Add water, and heat, The precipitate of lead chloride will dissolve in hot water but reappear 
on cooling the solution. 


salt a white precipitate 
the salt may contain lead 
lt in water or dilute nitric 


The solution of a zinc salt will not form precipitate on addition of hydrochloric acid. 
ii. То the other part of the solution add Potassium iodide soluti 
precipitate is formed, the salt contains lead or Pb?t, For example, 
Pb(NOs +  2KI —., РЫ, { +  2KNOs 
lead nitrate Potassium iodide lead iodide Potassium nitrate 
No precipitate is formed in the case of zinc salts, 


7. Additional Tests for Certain Cations 


1. Calcium, Ca2+, To the Solution of 
dilute sulphuric acid. A white Precipitate of 
example, 


OD. If a yellow 


the substance (in water, НСІ, or HNOs) add 
calcium sulphate, CaSO.,, is formed. For 


CaCh + HSO, > Са504) + 2HCI 


2. Copper, Cu?*, (1) To the solution of the substance add ammonium hydroxide, 
а few drops at a time and with Shaking after each addition, till it is in excess. A light blue 
precipitate of copper hydroxide, Cu(OH)p, is first formed Which dissolves in ex 


cess NH4OH 
yielding deep blue solution, For example, Т 
na + 2NH4OH > (NH45SO, 4- Cu(Q 
copper i аттопі i 
d ps phate | “ре D һуа, 
Cu(OH) NH40H D 
light blue por Ж (іп porti 5 ыы tolurion 


(2) Take 3-4 cm? of the solution of the subs 


tance in a test tube, Slip in a 2-; 
strip of magnesium ribbon into the solution. Allo ie fee re 


W to stand fora few minutes. The part of 


Т 
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the.magnesium ribbon dipping in the solution will be covered with reddish-brown -particles of 
copper displaced from the solution. For example, 
CuSO4 + Mg +> ` MgSO4 + Са { 


copper sulphate magnesium mag. sulphate displaced 
(blue solution) (colourless) (covers magnesium) 


On shaking, the copper particles are detached and the reaction continues. Gradually the blue 
colour of the solution fades and when all copper has been displaced the solution becomes 
colourless. 

Alternatively, clean iron filings may be used in place of magnesium. The iron also dis- 
places copper from the solution which coats the filings. 


CuSO, + Fe — FeSO, + Cu} 


The colour of the solution progressively fades. When all copper has been displaced, the 
solution becomes light green due to the dissolved FeSO,. 


3. Ferrous iron, iron (Ш), Fe’+. To the solution of the substance add а few drops 
of concentrated nitric acid. Boil till brown fumes are no longer evolved. The original light 
green colour of the solution will change to yellow. This is because nitric acid oxidizes Fett 
ions to Fe9* ions which make yellow solution. 

oxidize 
Fet  |—— Fee 
(light green solution) (yellow solution) 
To the yellow solution obtained add sodium hydroxide solution. A brown precipitate of 
Fe(OH)s will form and not the light green precipitate of Fe(OH). 


Alternatively, heat the solution with a few drops of dilute sulphuric acid and a little 
hydrogen peroxide. This will also cause the oxidation of Fe2* to ЕеЗ+, and the solution will 
change colour from light green to yellow. On adding sodium hydroxide solution a brown 
precipitate of Fe(OH)s will form. 


4. Ferric iron, iron (Ш), Fe?*. То the solution of the substance add a few drops of 
sulphuric acid or hydrochloric acid* and a pinch of sodium sulphite or sodium bisulphite, 
Heat the mixture. The yellow colour of the original solution will change to light green. 
Cool, and add sodium hydroxide (or ammonium hydroxide). A light green precipitate of 
iron (II) hydroxide, Fe(OH)s, will form and not the brown precipitate of Fe(OH)s as with the 
original solution. 

Explanation. On heating with an acid and sodium sulphite (or bisulphite), the 
sulphur dioxide evolved reduces the Fc?* ions in the solution to Fe?* ions, As a result the 
colour of the solution changes from yellow to light green. 


^ 
NajSOs + 2НСІ --> 2NaCl + ЊО + 504 


reduction by SO, 
Бөз: ——————— Бе? 
(yellow solution) (light green solution) 


On adding sodium hydroxide solution, therefore, Fe(OH): is precipitated and not Fe(OH)s. 


*]fthe solution was prepared in hydrochloric acid, do not add any more acid; only add sodi 
sulphite or sodium bisulphite. m 
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5. Zinc, Zn?*, То the solution of the salt add ammonium hydroxide, a few drops at 
& time and with shaking, till it is in excess. A white precipitate of zinc hydroxide, ?а(ОН), 
is first formed which dissolves in the excess ammonium hydroxide forming a colourless 
solution; For example, : 
os aa 2NH4OH > 2NH.Cl + Zn(OH)s| 


zinc chlori ammonium ammonium zinc hydroxide 
hydroxide chloride (white ppt.) 


Zn(OH)s + NH4OH (exces) -» Colourless soluion * 


Experiment 8-7, To find what happens when sodium hydroxide solution is 
added to solutions containing Cu2+, Fe®+, and Fest, 


Method. Add sodium hydtoxide solution dropwise to each solution in turn. Add 
the alkali in excess after a precipitate has formed, 


Observe the colour of the precipitate in each case and no 
precipitates dissolves in excess alkali Record your observati 
each reaction. 

Experiment 8-8. To find out which metal is 

Method. Take a portion of the substance in a tes 
substance does not dissolve. 4 


Take another portion of the substance in a 


test tube add dilute hydrochloric acid, 
and shake. The substance dissolves to give a clear solution, 


To a part of the solution add sodium hydroxide solution dropwise. A white precipi- 
tate is formed which, however, dissolves in excess alkali. This shows that the metal in A is 
lead or zine, 


To another part of the solution of A add Potassium iodide solution, No precipitate js 
formed. This shows that the metal in A is zine, i 


Record your obsetvations, arid write equations for the reactions, 
Experimient 8-9. То find the basic radica] int 


Method. Take a portion of the substance in a test t 
substance readily dissolves, 


To the soltition of the substance add sod 


te that none of the three 
ons, and write equations for 


Present in the given substance A. 
t tube, add water, and Shake. The 


he given substance С, 


ube, add Water, and shake, The 


ium hydroxide Solution, 


formed. This shows that the substance probably contain NH4*. No precipitate is 
Heat the mixed sólütion, А colourless gas with à characteristic А 
volved, Pungent odour is 


Test the gas with moist red litmus paper which 
lipped in concentrated liydrochloric acid around which it produces den 


These tests show that the gas evolved іе ammonia, 
Hence, the basic radical in the given substance A is МН," 


it turns blue and with a glass rod 


Se white fumes, 


Experiment 8-10. To identify the given salt Al, 


Experiment 


1. Noted the physical 
characteristics of Al. 

2. Treated Al with dilute 
sulphuric acid, 


. 3. Heated Al with con- 
centrated sulphuric acid, 


(i) Held a filter paper 
soaked in FeSO, solution 
near. the mouth of the test 
tube, 


(ti) Added copper turnings 
to the hot reaction mixture 
in the best tube. 

4. Applied flame test, 

5, Dissolved Al in water 
and added sodium hydroxide 
solution dropwise, 

6. Added potassium 
iodide solution to the 
original solution of Al, 


Observation 


Al is white and heavy, 


No action in cold or on 
heating, 


A brown, heavy gas with a 
pungent smell is evolved, 


The paper turns black 


Copious reddish-brown 
fumes are evolved, my 


No characteristics coloration, 
А white precipitate із 


formed which dissolves in 
excess alkali, 


A yellow precipitate із 
formed, 


Result. The given salt Al is lead nitrate, Pb(NOg)s. 
Experiment 8-10, To identify the given salt ВІ, 


Experiment 


Observation 


т------------------------------------.------------------ 


1. Noted the physical 
characteristics of ВІ. 

2. Treated ВІ with dilute 
sulphuric acid. 

3. Heated ВІ with concen- 
trated sulphuric acid, 


(i) Held moist blue litmus 
paper over the mouth of the 
test tube. 

(ii) Brought a glass rod 
moistened with ammonia 
solution near the mouth of 
test tube. 

(iii) Dissolved a little of 
BI in water and added silver 
nitrate solution, 


Bl is a white crystalline 
substance, 

No action in cold or on 
heating. 

A colourless gas with 
pungent smell is evolved. 


The litmus paper turns red, 7 


Dense white fumes are 
produced, 


A white, curdy precipi- 
tate is formed, 


Deduction 


E LEM ан 
AI is probably a lead salt, 


Carbonate and sulphide 
radicals absent, 


The acid radical in Al is 
nitrate, NO^s. 


Nat, K+, and Са?" absent, 
The basic radical in Al is 
either РЫЗ" or 742+, 


The basic radical in Al is 
Pb c 


——————— 


Deduction 
Fe?*, Fe?*, and Cu% аге 
absent, 
Carbonate and sulphide 
radicals absent. 
The gas evolved when Bi 
is heated with concentrated 


sulphuric acid is hydrogen 
chloride, 


The acid radical 
py Bs rad in Bl ie 


64 
4, Applied fame test. 


5. sissolved Bl in water 


and added sodium hydroxide 
solution. 

6. Heated the mixed 
solution. 


(i) Held a moist red litmus 
paper over the mouth of the 
test tube. 


(ii) Brought a glass rod 
dipped in ammonia solution 
near the mouth of the test 
tube. 


Result. The given salt Bl is ammonium chloride, NH4CI. 


No characteristic — colotà- 
tion. 


No precipitate is formed. 


А colourless gas with 
pungent smell is evolved. 
The litmus 


paper turns 
blue. 
Dense white fumes are 
produced. 


Nat, К+, and Ca absent. 


Саз, Рр, 
absent. 


?а%% аге 


The gas evolved when Bl is 


heated with sodium 
hydroxide ^ solution is 
ammonia, 


-. The basic radical in ВІ 
is NH4*. 


Acids, Bases, and Oxides 


An acid is a substance which contains replaceable hydrogen, і e., hydrogen which 
may be wholly or partly replaced by metals. According to the ionic theory, 
an acid is a substance which yields hydrogen, ions, H*, as the only positive charged 
ion in aqueous solution. For example, 
HCl = Н+ + CI” 
H$SO4 ға 2H* + 5047”, etc, 

All the characteristic properties of acids are due to the H+ ions they yield in 
solutions. 


А base is the hydroxide of a metal and reacts with acids to form salts and water, 
Sodium hydroxide, NaOH; potassium hydroxide, KOH; zinc hydroxide, Zn(OH)s, 
etc., аге all examples of bases. The soluble bases, e.g., sodium hydroxide and 
potassium hydroxide are called alkalis. The alkalis yield a high concentration of 
hydroxyl ions, ОН”, in aqueous solutions, For example, - 

NaOH = Nat + ОН” 

KOH = К+ + ОН” 

The characteristic properties of alkalis are due to the OH- ions they yield in 
solutions. Е 
Oxides are the binary compounds oxygen. Тһе oxides of metals may be divided 


into two important classes : (1) the normal oxides, e.g., copper oxide, CuO, and 
(2) the dioxides, e.g., manganese dioxide, MnOs. 


1. Characteristic Properties of Acids 


1. Acids turn litmus red, methyl orange pink, and decolorize phenolphthalein solution 
made pink with a drop of alkali. 4 
2. Acids cause effervescence with sodium carbonate (or, any other carbonate) giving 
off a colourless gas which is carbon dioxide. This gas may be tested by passing it through 
lime water which is turned milky. 
3. Acids react with magnesium, giving off a colourless gas which is hydrogen, This 
gas may be tested by biinging a lighted splint near it; the splint is extinguished and the gas 
burns with a ‘pop’. 
These properties may be used to determine whether a given solution is an acid or not, 
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2. Characteristic Properties o? Аав 
1. Alkalis turn Limus blue, methyl orange solution yellow, and phenolphthalein 
solution pink, 
2. They neutralize acids to form salts and water. 
3. They do not react with sodium carbonate and magnesium, 


= 


The scistion of an alkali can be distinguished from the solution of an acid on the basis 
of these characteristics. 


Experiment 9-1, To determine which one of the two given solutions X and Y 
is acidic anc which is basic. 


E — ا‎ 


Experiment Observations Deductions 

1. Tested each one of X turns blue litmus red. X is an acid. 
the two solutions with red Y turns red litmus blue, Y is an alkali. 

' and blue litmus papers, 

2. Tested cach solution No change with X. X is an acid. 
with phenolphthaiein Pink colour with Y. Y is an alkali, 
solution. 

3, Added а pinch of Brisk effervescence occurs X is an acid, 
sodium carbonate to a test with X. 
portion of each solution in No action with Y. Y is an alkali. 
а test tube, 


4. Added magnesium 
powder to a test portion of 
each solution. 


X is an acid, 


Y is an alkali, 


Results, Solution X is an acid ; solu 
3, Oxides 

The normal oxides of metals, e.g., copper 
ig acids to form cortesponding saits end water, 


CuO + 2HC] -> Cr 
X 250 + Н;50, -> Zp 


ide (Саб), zinc oxide (Zn0), etc., dissolve 
For example, 


HO 


and lead dioxide, PbOs, too, diss 
Saad » However, in addition they liberate chio 
16 geig anc oxygen from hot, concentrated sulphuric acid 


from hot, concentrated hydrochio: 


A 
MnO;  4HCl +  MoCl + 24,0 + Cl; 4 


A 
PbO. + 4HCI => РЫС» + 2H2O + Cla 


? А 
2М203 + 2980, ---. 2MnSO, + 2H40 + Ont 
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Thus, distinction between an oxide and a dioxide can easily be made by heating the sample 

with concentrated hydrochloric acid. If the sample dissolves to form the solution of a salt: 
without the evolution of chiorine, it is a normal oxide; if chlorine is evolved, it is a‘ dioxide, 

Chlorine is recognized by the following tests : 


(i) Greenish-yellow colour and pungent, choking smell. 
(ii) It turns blue litmus first red and then colourless. 
(iii) It produces deep blue coloration on starch-iodide paper, 


[Starch-iodide paper is made by dipping a strip of filter paper in a mixed solution of 
potassium iodide and starch, Chlorine liberates iodine from potassium iodide and the liberated 
iodine produces deep blue colouration with starch. 

х 2KI + Cle > 2KCI + Ij] 


Experiment 9-2. To determine which one of the two given samples A and B is 
copper oxide and which one manganese dioxide, : 


Method, Take a portion of sample A in a clean, dry test tube in a holder. Add 
concentrated hydrochloric acid to tbe sample, and heat. Observe what happens, 


Repeat the test with a portion of sample B. 


Observations, Sample A dissoives forming a biue solution without the evolution of 
5 gas. 


Sample B libelates a greenish-yellow gas with a pungent, choking smell. The gas turns 
moist blue litmus paper first тей and then colourless, and produces deep blue coloration in 
starch-iodide paper, Hence, this gas is chlorine, 


Deductions, Sample A is copper oxide; the blue solution formed on heating it with 
concentrated hydrochloric acid contains copper (II) chloride, CuClg. 


A 


^ 
CuO + 28C! -- (CuCl + HO 
copper (11) hydrochloric copper (IT) weter 
oxide acid chloride 


Sample B is manganese dioxide; (22 gas evolved when it is heated with concentrated 
hydrochloric acid is chlorine. 


^ 
MnO4 + 4HCI сл-» MnCI; + 29:0 a Cle f 
hydroch orig manganese fat R 
minie acid chloride "S loroa 
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Percentage Composition of Mixtures 


A mixture is a simple collection of two or more substances each one of which 
keeps its own properties. The constituents of a mixture can, therefore, be 
separated by physical methods based on such Properties as solubility in various 
solvents, volatility, etc, The percentage composition of a given mixture can be 
determined by taking weighed amount of the mixture, separating is constituents, 
and weighing each constituent. 

In this chapter we shall study the method for the deter: 
composition of mixtures of two constituents one of whi 
the other one is insoluble, 


mination of the Percentage 
ch is soluble in water and 


1. Percentage Composition of a Mixture of Powdered Salt and Sand 
The percentage composition of a mixture of powdered 
in the following steps : 
1. Weighing out a certain quantity of the mixture, 
' 2. Dissolving out the salt by stirring the weighed mixture with water, 
3. Separating the undissolved sand by filtration, 
4. Drying the sand thus separated, 
5. Weighing the sand. 


salt and sand can be determined 


Experiment 10-1, To determine the Percentage composition of the given 
mixture of powdered common salt and washed sand 

Requirement, Beakers, funnel stand, filter paper, watch glass, 
drying cone, sand bath, chemical balance, weight box, etc. 

Theory. Of the two components of the given mixture, 
water while sand is insoluble. Hence, sodium chloride can be ге 
dissolving out in water. The undissolved sand can be obtain 
residue. It із dried and weighed. From the weight of the mixture taken and the weight of 
dry sand separated from it, the percentage composition of the mixture can be calculated. 

Method, Proceed in the following steps ; 


1. Weigh ou! about 5-6 g of the given mixture, 
weigh it. Remove the watch glass from the balance 
and weigh again. 


The difference in the two weights is the weight of the mixture taken, 
(68) 


pair of tongs, glass rod, 


Sodium chloride is soluble in 


“Take a clean, dry watch glass and 
pan, put about 5-6 g of the mixture in it, 
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2. Transferring the mixture to a beaker, Таке a clean beaker and carefully transfer 
into it the mixture from the watch glass. Wash down any particles adhering to the watch 
glass into the beaker by directing a jet of distilled water from the wash bottle in the watch 


glass, , 

3. Dissolving out sodium chloride. Add a further quantity of distilled water to the 

` mixture in the beaker, Stir thoroughly with a glass rod. Warm the contents of the beaker 
for a while and than allow to stand, Almost whole of the sodium chloride in the mixture 
will dissolve in water and the undissolved sand will settle down to the bottom, · 


4. Separating sand by filtration. Take a filter paper, and place it in the left pan of the 
balance. Counterpoise it with another filter paper (making suitable adjustment, if necessary), 
and leave it there. Remove the filter paper from the left pan, fold it into a cone 
and fit it in a funnel. Moisten the filter paper cone with water and place the funnel in 
a conicalflask, Decant the supernatant liquid from the beaker into the filter paper cone with 
the help of a glass rod, taking care that the layer of sand at the bottom is not disturbed. Pour 
another lot of 20-30 cm? of distilled water in the beaker, stir the contents with "a glass rod, 
allow to stand until the sand settles down, and decant the clear supernatant liquid as before. 
Repeat ‘washing by decantation’ until a test portion of tho filtrate no longer produces turbidity 
with silver nitrate solution, This test shows that sodium chloride (which gives a white preci- 
pitate of silver chloride with silver nitrate solution) has been completely removed and the 
residue of sand is absolutely free from it. 


Now transfer sand to the filter along a glass rod by playing a jet of water from the 
wash bottle. Make sure that whole of the sand has been washed down to the filter paper and 


Fig. 10-1, Washing by means of jet of Fig. 10-2, Drying the Fig. 10-3, The filter 
water from the wash bottle, sand in a drying paper cone inside a 
cone. dessicator. 
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not a single particle has been left behind. After the water in the filter paper cone has drained 
out, wash down the sand particles sticking to the upper edge into the central cavity, 


5. Drying the sand in the filter-paper cone. Cover the funnel with a piece of paper, 
press its extra portion round the edge of the funnel, and make a few holes in the centre with 
а pointed glass rod.. Place the covered funnel in a drying cone standing in a sand bath 
supported over a tripod stand/Fig. 10-2). Continue beating until the filter Paper and the sand 
are perfectly dry. Now, carefully remove the filter-paper cone from the funnel, support it on 
а clay pipe triangle. and place іп a dessicator for cooling (Fig. 10-3), 


6. Washing the sand. When cool, place the filter-paper cone containing the sand resting 
slantingly on the edge of the left pan of the balance with a counterpoising filter paper im the 


right pan. Place sufficient weights on the right pan to counterhalance,- These weights 
represent the weight of the sand in filter paper cone: 


Observations Ч 

1. Weight of the empty watch glass ` è xg 
2. Weight of the watch glass and mixture =yg 
3, Weight of the sand =zg 
Calculations A Bi 


Weight of the mixture taken for the experiment=(y— x)g 
Weight of the sand in the mizturessz g 


(у- x)g of the mixture contains sand=z в 


100 g of the mixture contains sand ^. ZE 
8 усу 0s 
=W g (say) 
arid salt, . =(100- P) g 
Result. The percentage composition of the mixture is 1 
sand - W 9; ; salt =(100= W) %, 


Precautions. (1) Work carefully so that not the least amoun 
" t 1 
„sand із lost at any stage after it has been weighed out. of the mixture or the 
(2) Do not pull out the filter-paper cone from the funnel forcibly: 
it can be slipped out easily. orcibly; 
(3) While removing the filter-paper cone from the f 
do not touch sand particles. © funnel, take care that your fingers 


when perfectly dry, 


(5) Before placing the funnel in the drying co 
by the stem of the funnel. 8 cone shake off the drops of water hanging 


APPENDIX I 


Solved Experimental Exercises 


Exercise 1 


(a) Take a small portion of the substance Ai in a clean test tube and add 2 em? of 
dilute sulphure acid. Wurm gently till a clear solution is obtained. Filter and divide the 
solution in two parts. 


L Write down the observations made when Al is heated with dilute suiphuric acid. 
Make any deduction you can. 


li. To one part of the filtrate add sodium hydroxide solution in excess. Warm gently. 
Write down your observations and the deduction from the observations made. 


iii. In the other part of the filtrate place about 2 ст long strip of. magnesium, Write 
down your observation and deduction, Write chemical equations for the reactions involved. 
i, Observations 

1. When А1 is heated with dilute sulphuric acid, it dissolves in it forming a blue 
solution, but no gas is evolved. 
Deduction 

The blue colour of the solution shows that Al is a compound of copper. Since ro gas 


is evolved, it is oxide of copper, CuO, which is confirmed by the black colour of Al. The 
blue solution contains copper sulphate. 


^ 
CuO + H$SO, —-» CuSO, НО 
ii, Observations 


1. On adding sodium hydroxide solution a blue precipitate is formed. 
2. The blue precipitate does not dissolve in excess of sodium hydroxide, 
3, On warming gently, the blue precipitate turns black. 


Deduction 


The filtrate contains Cu** ions which form a blue precipitate of co і 
es T pper hydroxid 
adding sodium hydroxide. On heating copper hydroxide changes to black copper (II) dt. 
CuSO, + 2NaOH --» Cu(OH) 
blue filtrate blue ОАР e М№аг504 
A 
Cu(OH)s ---> CuO 
copper hydfoxide copper (11) oxide йи Ha0 
(blue) (black) 


(00) 


72 ; 
1; li. Observations 


1. Magnesium strip is slowly coated with red particles of copper. 


2. The blue colour of the filtrate slowly fades and finally becomes colourless, 
Deduction 


The blue filtrate contains Cu?* ions which are reduced to copper atoms by magnesium. 
With the displacement. of copper from the solution, its blue colour fades. 
CuSO, + Mg == MgSO, + Cul 
blue solution colourless solution red particles 
(b) i. Take a pinch of A2 ina clean, dry, hard:glass test tube. Heat strongly and 


. cord your observations. If a gas is evolved, identify it and make deduction about the identity 
of 42. a 


ii. Add a pinch of A2 то 2 cm? of concentrated hydrochloric acid taken іп a test tube. 
Warm gently. Identify the gas evolved with suitable tests. Write down your observations and 
make deduction regarding the chemical nature of A2. 
i. Observations. 


(1) The chocolate-brown A2 changes to a yellow-orange powder, 
(2) A colourless gas is evolved which relights'a glowing splint. 1 
Deduction 4 


A2 is lead dioxide. It gives off oxygen when heated, 
ii. Observations 


(1) A greenish-yellow gas is evolved on warming A2 with concentrated hydrochloric 
acid. 


(2) The greenish-yellow gas turns moist blue litmus paper first red and then colourless, 
(3) The gas produces deep blue coloration in starch-iodide paper. 


From these tests the gas is identified to be chlorine. 


Deduction 

А2, i.e., lead dioxide, is an oxidizing agent, and it oxidizes hydrochloric acid to 
chlorine. P 

қ А 
PbOg + 4HCI —. РЫСЫ + 290 4 Со? 

Exercise 2 

(а) Take a portion of substance ВІ іп adry test tub 
найы beats vier due y ube and heat it. Record your observa- 
Observations 


1. When ВІ is heated, it decrepitates. 
2. A heavy, brown gas is evolved. 
Gas identified. Nitrogen dioxide, NOg 


(6) Take another portion of Bi in a dry test tube. 


Add about 3-4 
and warm. Filter, if necessary, to get a clear solution. ipd odis 


Divide the solution in two parts. 


i. To one part of the solution add dilute hydrochloric acid in cold. Then add 5 ст3 of 
distilled water, and heat again. Note down the observations and make your deduction about the 
substance formed in this experiment. 


li. To the other part of the solution add a few drops of potassium chromate solution. 
Write down your observation and deduction. 


iii. Deduce the identity of substance ВІ, and write equations for the reactions іп (а) 
and (b). ie 


i, Observations 

1. А сиу, white precipitate is formed on adding hydrochloric acid. 

2. The precipitate dissolves when heated with water, but appears again on cooling. 
Deduction 


As the white precipitate dissolves on heating with water, only to reappear on coolin i 
must be lead chloride, PbCls. p ыы 


ii, Observation 
A thick, yellow precipitate is formed on adding potassium chromate solution. 
Deduction » 


The solution contains Pbã+ ions which forma yellow precipitate of lead chromate, 
PbCrO,, with potassium chromate. 


iii. Substance ВІ is а nitrate as it gives off nitrogen dioxide when heated. Reactions 
under (b) show that the basic radical in Bl is lead. Hence, Bl is lead nitrate. 


Equations 


А 
1. 2Pb(NOs)2 ms 2PbO + 4NOs + Ost [Action of heat on ВІ] 


lead nitrate lead oxide nitrogen dioxide oxygen 
2. Pb(NOs)2 + 2HCl > РЫСЫ у + 2HNOs [Formation of white p 
lead nitrate toad chloride nitric acid оп adding hydrochloric 
(white ppt.) 
3; рЫ + KaCrO4 -» PbCrOs} + 2KNOs [Formation of yellow ppt. 
lead nitrate — ' lead chromate potassium on adding ppt. chromate] 


(yellow ppt.) nitrate 


Exercise 3 


(a) Take a pinch bf the substance A in a clean. dry test tube and heat strongly. Apply 
suitable tests to identify the gas evolved, and record all observations. ` 


Cool the residue and keep it for further tests (b) and (b) that will follow. 
Observations 

1. А colourless gas is evolved. 

2. The gas has no smell. 

3. A lighted splint introduced in the gas is extinguished. 


% 


4. А drop of clear lime water held on а glass rod пейг the mouth of the test tube turns 
milky. 

(b) Transfer a part of the residue obtained in (a) to another test tube. 
minimum quantity of dilute hydrochloric acid. To the Solution obtained add sodium hydroxide 


solution in small lots till the alkali is in excess (test with red litmus paper). Note down 


your observations Identify the cation present in А and give reasons for the deduction made by 
you. 


Observations 


1. On adding sodium hydroxide solution, 
particles is formed, 


Dissolve it in the 


а white precipitate consisting of very fine 


2. The precipitate does not dissolve in the excess of sodium hydroxide solution. 
Deduction 


The cation present in А is Ca?*, The reasons for 


this deduction mre that (1) the 
precipitate consists of very fine particles and (2) it does not d 


issolve in the excess of the alkali. 


(c) To the solution obtained in (b) add dihaè malplowic azid till there is no further change. 
Note down your observation, 


Observation 

On adding sulphuric acid to the solution obtained in (5), а white Precipiiate is formed, 
7 (d) To the remaining residue obtained in (а) add а concentrated Solution of ammonium 
sulphate, and heat. Identify the gas evolved on the basis of your observations, 
Observations 

1.. The gas evolved is colourless. 

2. It has a characteristic pungent odour, 

3. It turns moist red litmus paper blue, 


4. It produces dense white fumes in contact with a glass rod moistetied with concen- 
trated acid. 


On the basis of these observations, the gas is identified as ammonia. 


(е) Name the compound A on the basis of the above experiments, 


Name of the Compound 
The name of the compound A is calcium carbonate, СаСОз, 
Exercise 4 
(a) Take a portion of the substance 
at first and then strongly until no Jurther 


of your observations, and also note down 
to the negative ion in the compound. 


B7 in a clean, dry, hard-glass test tube. Н: 

s , : Heat gentl; 
change occurs Identify the gas evolved on the b bari 
the colour of the residve. Make deduction with regard 


Keep the residue for experiments (b) and (c). 


Observations 
1. When B7 is heated, a heavy, dark brown gas is evolved. 
2. The gas has a pungent smell. 
3. The gas turns a light green solution of iron (1I) sulphate black. 
4. The colour of the residue in the test tube is black. 


Deduction 

The compound B7 contains nitrate, NO37, as the negative ion. 

(b) Take about one-half of the residue іп a test tube. Add a little concentrated hydro- 
chloric acid and heat. Cool, add water, and filter. To the filtrate add ammonium hydroxide 
solution in small lots till it is in excess. Record your observations. 

Observations 

1. On adding ammonium hydroxide, a light blue precipitate is formed. 

2. The precipitate dissolves in the excess of ammonium hydroxide solution yielding a 
deep blue solution. 

(c) Transfer the remaining residue in another test tube. Add a small amount of dilute 
sulphuric acid and heat till a clear solution is formed. To the solution thus obtained add sodium 
hydroxide solution till the alkali is in ecess. Heat the contents of the test tube. Record the 
observations and identify the metallic ion present. Give two reasons for your deduction. 


Observations 
(1) On adding sodium hydroxide solution, a light blue precipitate is formed, 
(2) The light blue precipitate does not dissolve in the excess of alkali. 
(3) On heating the contents, the light blue precipitate turns black. 


Identification of metallic ion 
The solution contains the metallic ion Cu?*. 


Reasons for deduction 

(1) Copper compounds are blue, and the blue precipitate formed on addition of 
sodium hydroxide must be copper (II) hydroxide, Cu(OH)s. 

(2) On heating, copper hydroxide changes to copper (П) oxide which is black in 
colour. 


A 
Cu(OHk + CuO + HO 
black 


blue 


Exercise 5 

(a) Take about one half of the substance B8ina dry test tube. Heat strongly for 5-6 
minutes. Write down the observations and identify the gas given off. Make deductions about 
the identity of the gas and the negative ion in B8. 
Observations 

1. A colourless gas is evolved. 

2. The gas has no smell. 


3. A lighted splint introduced into the Bas is extinguished 

4. The gas turns lime water milky. 

5. Тһе residue is yelow when hot, and white when cold. 
Deductions 

1. Тһе gas evolved is carbon dioxide. 

2. The negative ion in B8 is carbonate, CO32-, 


(b) Take the remaining quantity of B8 in another test tube. 
Record ail your observations and identify the gas evolved, Keep th 
(c) and (à). 


Observations 


Add dilute sulphuric acid, 
е solution for experiments 


l. There is a sudden effervescence and bubbles of 2 colourless add odourless gas are 
formed. 


2. The gas extingvishes a lighted splint and turns lime water milky. 
Identification of the gas 
The gas evolved is catbon dioxide, COs. 


(с) Divide the solution obtained in (b) in two parts. 
solution in small lots till the alkali is in excess. Record th 
сап you draw from the experiment 7 Give reasons, 
Observations 

l. First, a white gelatinous precipitate is formed, 

2. The precipitate dissolves in the excess of alkali to yield a clear solution 


To one part add Sodium hydroxide 
е changes observed. What inference 


Inferencc 


The solution contains Zn?* ions, These ions produce а white ipi 

"s f д 17% s Precipitate of 
on addition of alkali: This precipitate is soluble in the excess of alkali, P This been 
supported by the fact that the residue in (a) is yellow when hot and White when cold nce is 


(d) To the other part of the solution obtained from (5) slowly add a 


, ттопіи у 1 
till is excess. Write down your observations. m hydroxide 


Observations 


1, A white precipitate is formed on additio 


2. The precipitate dissolves 
solution. 


ü of ammonium hydroxide, 


in the excess of ammonium hydroxide to yield à clear 


(e) From the experiments conducted name the compound and write its formula 
Narie of the compound. Zinc carbonate, 


Formula of the compound, ZgCo, 


Éxercise 6 
Divide the substance B16 in nearly four equal parts. 
(a) Take one part of the substance B!6 in a dry, hard-glass test tube. Heat, first gently 


and then strongly for about five minutes. Record your observations and stute the nature of the 
gases evolved on strong heating. Identify the residue left. Make deduction about the class of 


compourids to which B16 belongs. 
Observations 
1. On gentle heating, a colourless and odourless vapour is evolved. The vapour 
condenses on the upper part of the test tube as drops óf a colourless liquid. This 
liquid turns anhydrous copper sulphate blue. 
2, On strong heating, a colourless gas with a pungent smell is evolved. 
The pungent smelling gas turns moist bluelitmus paper blue. So, it is acidic 
in nature. 
4. Тһе residue left behind is black when hot and rust-red when cold. 


Identification of residue. 
The residue is iron (III) oxide, FesOs. 
Deduction. 
The substance B16 belongs to the class of hydrated compounds. 


(b) Dissolve another part of the substance BI6 іп distilled water. To the solution add 
sodium hydroxide solution in small lots till it is in excess. Write doin your observations and 
the inference drawn. 


Observations 
1. The solution of B16 in water is light green in colour. 
2. When sodium hydtoxide is added to the solution, a light green precipitate is 


formed. 
3, The precipitate does not dissolve in the excess of sodium hydroxide, 


Inference 
The substance B16 is a compound of iron and contains Fe?* ions, These ions produce 


а light green precipitate of Fe(OH)s оп addition of sodium hydroxide, 


(e) Dissolve the third part of the substanre B16 in about 4 cm? of dilute sulphuric acid. 
Add about 4ст3 of hydrogen peroxiui. heut. gently, and then cool. Now add ammonium 
hydroxide till it [s іп excess. Note down your observations and inference, 


Observatirns 
1. On warming with hydrogen peroxide, the solution of B'6 in dilute sulphuric acid 
changes its Colour from light green to yellow. 


2. On auding ammonium hydroxide, a brown preciniate it fr ned, which does tiot 
dissolve in the excess of the alkali. 


18 


Inference 


The Fe?* ions in the solution of B16 are oxidized by hydrogen Peroxide to кез ions, 
The Fe?* ions produce a brown precipitate of Fe(OH)s on adding ammonium hydroxide, 


(d) Dissolve the remaining substance BI6 in distilled water, 
barium chloride and then dilute hydrochloric acid. Write down the observat. 


Observations 
1. On adding barium chloride solution, 


To the solution add 
ions and inference. 


a thick, white precipitate is formed. 
2. The precipitate does not dissolve in dilute hydrochloric acid, 
Inference 


The substance В16 contains sulphate, SOa2-, as the acid radical. 
white precipilate of barium sulphate upon addition of barium chloride. 


BaClo--SO42- ->BaSO4 | --2Ct- 
(e) Write down the name and the formula of the substance of B16 
Name of B16. Iron (II) sulphate heptahydrate. 
Formula of B16  FeSO,.7H30 
Exercise 7 


(а) Take about 2-3 cm? of dilute sulphuric acid ina clean test tube, and add to it 2 
іесез of By. Write down your observa..ons 4 «4 identify the &as evovled. Draw inference. with 
Bed to the nature of ВІ based on rec.oning. 


Observations 
1. A sudden effervescence takes place and tiny bubbles of a colou 
2. The gas evolved has no smell, 


3. When a lighted splint is brought near the 
but the gas burns with a pop. 


This radical gives a 


rless gas are formed. 


mouth of the test tube, it is extinguished 


These observations show that the gas evolved is hydrogen, 


4. ВІ slowly dissolves in the acid forming a colourless solution, 
Deduction 


Since ВІ liberates hydrogen from dilute sulphuric acid, it must be an active metal, 
However, it could not be iron as it forms a colourless solution in acid, 

) Filter the contents obtained in (а) and divide the filtrate in two Parts in clean test 
m one part of the filtrate add sodium hydroxide solution, a Jew drops at a time with 
shaking, until it is in excess. To the other part add sodium carbonate til] а change occurs. Write 
down your observations and deduction, 


Observations 


1. On adding sodium hydroxide to the solution 
white precipitate is formed which dissolves in the 
2. On adding sodium carbonate, 


of BI in dilute sulphuric acid, a 
excess of the alkali, 
a white precipitate is formed, 


Deduetion 


The solution of BI in dilute sulphuric acid contains Zn?* ions, These ions produce a 
white precipitate of Zn(OH)s with sodium hydroxide ; Zn(OH)g dissolves in the excss of the 
alkali. On adding sodium carbonate, Zn?* ions form & white precipitate of ZnCOs. 


(c) From the above experiments, identify the. substance ВІ. 


Identification of ВІ 


Bl is zinc metal 


Experiment 8 

(а) Place a small amount of the substance B2 ina ary, clean, hard-glass test tube. 
Heat it, first gently and then strongly for about 5 minutes. Record all your observations and 
make appropriate inference. 

Keep the residue for experiments (b), (c), (d), and (е), 

Observations 

1. A colourless and odourless vapour is evolved. 

2. The vapour condenses as drops of a colourless and odourless liquid on the upper 

part of the test tube. 

3. The condensed liquid turns anhydrous copper sulphate blue, showing that it is 

water. 
Inference 

‘The substance B2 contains water of hydration which is given off when it is heated. 

(b) Take a part of the residue from (a) in a test tube and add dilute hydrochloric acid. 
Record the observations and identify the gas evolved, What inference can you draw from the 
experiment 
Observations 

1. There is a sudden effervescence and bubbles of a colourless gas are formed, 

2. The colourless gas. évolved has no smell. 
3, A lighted splint brought near the mouth of the test tube is extinguished, 

4. A drop of clear lime water at the end of a glass rod held at the mouth of the test 

tube becomes milky. 

The observatiuns show that the gas evolved is carbon dioxide, CO. 
The substance B2isa carbonate as it gives off carbon dioxide when treated with dilute 
hydrochloric acid. ( 

(с) Dissolve a part of the residue (or a little of the original substance) in distilled water, 
To the solution add a drop of methyl orange. Note down your observation and inference. 


Observation 
‘The solution acquires a yellow colour. 


ИТ) 


Inference 
The substance B2 is alkaline in nature. 


(c) Mix a part of the residue from (a) or the original substanc, 
quantity of ammonium sulphate.  Moisten the mixture with water, 
produced. 


€ with about an equal 
and heat, Identify the gas 
Identification of the gas 

1. The gas evolved is colourless, with a characteristic pungent smell. 

2. A moist red litmus paper brought near the gas is turned blue, 


3. Dense, white fumes are produced when a glass red moistened With çoncentrated 
hydrochloric acid is brought near the gas. From these Observations, the gas is 
identified as ammonia, NHs. i 


(e) Carry out Flame test with B2 or its 
end make a deduction with regard to the metalli, 


Description of flame test 


residue from experiment (a), 


Я Describe the test 
€ radical or ion present in B2, 


wire in concentrated hydrochloric acid placed 

less Bunsen flame, Repeated the dipping of t d and placing ; i 
à it t 

it ceased to impart any colouration to the flame. P 8 be fame till 


Placed a fresh lot of concentrated hydrochloric a 
end of the wire in the acid and touched with it 


‘о the moistened wire, Brought the wire into th 
* bright golden-yellow colour, 


Deduction 
B2 contains the metallic radical Sodium, Na+, 
(f) Write down the name and the compound B2. 


| id ола Watch glass, Dipped the free 
he Substance B2. А tiny particle ОҒ B2 stuck 
€ nop-Iuminous Bunsen flame Which acquired 


Name of B2 
The compound B2 is hydrated sodium carbonate, 
Exercise 9 
(а) Take a pinch of the Substance B7 in а clean test tu, Add a smali t 
р ^ c Е 4 quart: 
‘late hydrochloric acid, and worm, Write dawn your сф Creations in identifyin th : t 
f " 25% ” gos ec 
‘hae inference сап you draw fram the experiment $ а: 
Observations 


J. A colourless gas with the зле! of burning sulphur is evolved 
2. The gas turns red a moist blue litmus Paper held near the mouth of the test tube 
3. A filter Paper strip dipped | i : 
exposed to the gas, 
Deduction 


The substance B7 Bives off sulphur dioxide i i 
ed, "pill cu, E88 when warmed with dilute sulphuric 
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(b) Perform flame test with B7, Describe the test. Write down your gbservation and 
the d2duction on the basis of the same. 
Description of flame test 

As in Exercise 9, 
Observation 

The substance B7 imparts a golden yellow coloration to the flame, 


Deduction 
The substance B7 contains the metallic radical sodium, Nat, 


(c) Write down the name and the formula of B7. 


Name of B7 
The name of the substance B7 is sodium sulphite. 


Formula of B 7 
The formula of the substance B7 is №503. 


Exercise 10 


The given substance A20 is a solution containing iron (TII) chloride and cencentrated 
hydrochloric acid supplied to you in a test tube, 


(a) Take 2 cm? of the substance A20 ina test tube. Add sodium hydroxide solution 
slowly till the alkali is in excess. Write down your observations and make your deduction on 
their basis. 
Observations 

1. On adding hydrochloric acid, a brown precipitate appears which dissolves on 

shaking. 

2. A permanent brown precipitate is formed when the alkali has been added in excess, 


Deduction 

The solution contains acid and Fe?* ions. The acid neutralizes the alkali in the 
beginning, When the alkali is in excess, brown precipitate of Fe(OH), is formed. 

(b) Take about 2 cm? of the substance 420 ina test tube. Add а few drops of silver 
nitrate solution followed by concentrated nitric acid, Record your observations and the inference 
drawn, ; 
Observations 

1. On adding silver nitrate solution a curdy, white precipitate is formed, 

2. The precipitate does not dissolve in concentrated nitric acid. 


Inference 
The solution contains chloride ions, Cl". 
(c) Take.2-3 ст? of the substance А 20 in a test tube and add a small piece of granulated 
zinc, Note down the observations and identify the gas evolved. 
Observations 
1. There is a sudden effervescence on adding zinc and tiny bubbles of a colourless gas 
аге formed. The gas has no odour. 
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2. When a lighted splint is brought near the gas, it burns with 2 pop; the splint is 
extinguished. 
Gas ideatified 
The gas evolved in the reaction is hydrogen, 


(d) Таке 4 ст3 of the substance A20 in a test tube. 
sulphite and heat gently for 2-3 minutes. Cool the solution an 
solution till it is in excess. Record your observations and the 


Add to it about 0.5 g of sodium 
d add to it sodium hydroxide 
inference drawn, 
Observations 
1. When A20 is heated with sodium 
burning sulphur is evolved, 
2. The solution changes its yellow colour to light green. 
3. 


Inference 


sulphite, a colourless gas with the smell of 


On adding sodium hydroxide to the solution a light green precipitate is formed, 


1. A20 contains acid which reacts with sodium sı 
2. Sulphur dioxide gas reduces Fe3+ 
solution to become light green. 
3. On adding sodium hydroxide, 
formed. 
Exercise 11 
(a) Mix a pinch of the substance BIO with about an equal quantity of powdered slaked 
lime. Place the mixture in a clean hard-glass test tube and. heat. Record your observations 
and describe the identification of the gas. Make a deduction about the cation present in B 10 
and a give reason for it. 


ulphite to liberate sulphur dioxide gas. 
ions in the solution to Fe2* ions causing the 


Observations 


1. When the mixture is heated, a colourless gas is evolved, 
2. The gas has a characteristic, pungent odour. 
Identification of gas 
1. Moist red litmus paper was held Rear the mouth of the test tube ; it turned blue. 
2. A glass red moistered with concentrated h ic асі 
ydrochloric acid wi 
mouth of the test tube, Dense. White fumes were prod uced, y dapib 
The gas evolved is, therefore, 


ammonia, NH3, 
Deduction 


Since the substance ВІО Bives off amm 
present in it is NH4* (or, В10 is an ammonium 


(b) Dissolve some of the substance B10 in 
parts : 


a when heated with slaked lime, the cation 
salt). 


distilled Water, ond divide the solution in two 
4) To оте part of the solution add barium chloride solution followed concentrated 
hydrochloric acid. Write down your observations and re in є raat 


a light green precipitate of iron (II) hydroxide is 
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Observations 

1. On adding barium chloride solution, a white precipitate is formed. . 

2. The white precipitate does not dissolve in hydrochloric acid, 


Deduction 
The solution of BIO in distilled water contains sulphate ions, SO42-, which form a 
white precipitate of barium sulphate, BaSO4, with barium chloride. 
(ii) To, the other part of the solution of the BIO in distilled water add lead nitrate . 
solution, Record your observation and deduction. А des ў s 
Observation : 
A thick, white precipitate is formed. on adding lead nitrate solution. 


Inference : i 
The solution contains SO42- ions which form а white precipitate of lead suip SM 
PbSO,, when lead nitrate solution is added. - piiat dm асры. 
(с) Write down the name and the formula of the substance BIO, 0 
Name of B10 T 
The substance B10 is ammonium sulphate. 


Formula of В10 
The formula of B 10 is (ЧН4)5О4. 


Ezercise 12 
(а) Take a small portion of substance B25 іп a test tube, Add 4 cm? of. distilled water 


and shake well. Allow the mixture to stand for about 5 minutes, Filter, and test the Siltrate 
with litmus papers. Note down your observations and deduction, 


Observations з 
The filterate has no effect on blue litmus paper but it turns red litmus paper blue, ` 


Deduction 
The solution of substance B25 in water is alkaline in nature, 


(h) In a clean test tube take about 5 cm? of dilute hydrochloric acid. Add substance 
B25 in small lots with vigorous shaking after each addition. Stop adding when some of it 
olved and settles down undissolved. Fi ilter, and divide the solution in two parts, 


remains «ndiss 
(i) To one part of the filtrate add sodium hydroxide, a few drops at a time, till it is ін 
excess, 


(ii) To the other portion add sodium carbonate solution. Record your observations and 
inference about the metal ion present in the filtrate explaining the observations. 


Observations 


1. On adding sodium hydroxide solution a white precipitate is formed. The precipi- 
tate consists of white particles and does not dissolve in the excess of alkali, 


2. On adding sodium carbonate solution a thick, white precipitate is formed, 


$4 


Deduction 


The metal ion preseiit is Cat, Tt forms a white precipitate of Са(ОН) on adding 
sodium hydroxide and a thick, white precipitate of СаСО; o 


n adding sodium carbonate. 
(c) Mix a pinch of B25 with about ane 


qual quantity of ammonium chloride. Moisten 
the mixture with water, place in a test tube, and heat, Record your observations pertaining to 


the identification of the gas evolved. What inference can you draw about the identity of B25 
from the tests performed? 


Observations 
1. On heating a mixture of B25 and ammonium chloride, 
2. The gas has a characteristic pungent smell, 
3. The gas turns moist red litmus paper blue, 
4. 


When a glass rod moistened wit 
mouth of the test tube, dense, whi 


Identification of gas 
The gas evolved is ammonia, NH3, 
Inference 


à colourless gas is evolved, 


h concentrated hydrochloric acid is held near the 
te fumes are produced, 


The substance B25 forms an alkaline solution in water, displaces ammonia from 
ammonium chloride, and contains calcium ions, Са2+, 


Hence, it is calcium oxide, CaO, 
Exercise 13 


(а) Take a small Portion of the substance B28 ina clean fest tube and dissolve it in the 


least quantity of water to make 4 concentrated solution, Add sodium hydroxide solution in 
small amounts til] it is in excess. Write down your observations and deduction, 


Observations 
1. On adding sodium hydroxide, a white precipitate consisting of fine particles is 
formed, 


2. The Precipitate does not dissolve in 
Dedaction 
Substance B28 Contains calcium, Ca? 


(b) Takea pinch of B28 ina clean, dry 


acid and heat, Identify the gas evolved by 
deduction, 


Observations 
l. When B28 is heated with eoncentrated 


the excess of alkali, 


test tube, Add ems 


of concentrated sulphuric 
suitable tests, 


Record your observations and 


Sulphuric acid, a colourless gas is evolved, 
2. The gas has а characteristic, pungent smell, 

3. The gas turns moist blue litmus Paper rod, 
4. When a glass rod moistened with ammonia 


Solution is held Rear th th of the 
test tube dense, white fumes are Produced оа 
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These observations show that the gas evolved is hydrogen chloride, НСІ 
Deduction 

Substance B28 contains chloride ions, СІ, (or, substance B28 is a chloride), 

(e) Mix a pinch of B28 with about an equal quantity of manganese dioxide, Place the 
mixture in a dry test tube. Add about 2ст3 of concentrated sulphuric acid and heat, Identify 
the gas by suitable tests, Note down your observations and deduction. 

Observations 

1. A greenish-vellow gas with an unpleasant, choking smell is evolved. 

2, Тһе gas turns moist blue litmus paper first red and then colourless. 

3. Тһе gas produces blue coloration in the starch-iodide paper held near the mouth of 

the test tube, 

These observations show that the gas evolved is chlorine. 

Deduction 
Substance B28 contains chloride ions, CI”, (or, substance B28 is a chloride) 


(d) Name the substance B28 and write down its formula, 


Name of B28 

Substance B28 is calcium chloride. 
Formula of B28 

Formula of substance B28 is CaCl. 


Exercise 14 
(a) Take a portion of the substance Bid іп a dry test tube and heat it carefully, 
Write down your observations and the inference based on them. 


Observations 

1. On heating B14 colorless and odouriess vapour is evolved. 

2. The vapour condenses as drops of a cojourless anc odourless liquid on the upper 

part of the test tube. 

3. Tho bright blue crystals of B14 change into a dirty white powder, 

Inference 

The substance B14 is а hydrated compound. probably hydrated copper sulphate. 

(b) Dissolve a small portion of В14 in water. To the solution add sodium hydroxide 
solution till it is in excess. Heat the mixture. Record your observations, Identify the metallic 
ion in B 14, giving reasons for your inference. 

Observations 
l. A light blue precipitate is formed on adding sodium hydroxide solution, 
2, On boiling, the light blue precipitate turns black. 

Metallic lon identified 

The metallic ion in B14 is Cu**, It forms blue precipitate of Са(ОН)» on treatment 
with alkali, When heated Cu(OH)s changes to black copper (II) oxide, СаО. 
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(c) Dissolve а small portion of BI4 in water, 
Solution and then dilute hydrochloric acid іп excess, 
inference drawn. Se eae t 


To the solution add barium chloride 


` Write down your observations and the 


l. On adding barium chlorid 


The substance B14 contains sùlphate radical, 50405; which forms a. white Precipitate 
of barium sulphate with batium: chloride solution, AERE eed 

(d) Dissolve а pinch 9f-BI4 "in water and put зоте 
Allow to Stand for 56 minutes, shaking ‘Occasionally: E 
i 1... Боп filings are. coated with reddi 


20. Ітоп filings 


* Ава result the 
hen all the co 


i da er has been 
, the solution Contains iron (II) sulphate, Tcu е has 


е solution to the Solution of B14 in water, a white ` 
Precipitate is formed, ) : : 


APPENDIX II 


Unsolved Exercises 


Exercise 1 

(a) Take about 1.0g of the substance Al іп a test tube. Add 2-3 cm? of concentrated 
hydrochloric acid, and heat gently. Filter, if necessary. Dilute the solution or the filtrate 
by adding about 10 cm? of water. Record your observations. What positive ion could bé 
present in the solution ? 

Keep the diluted solution for experiments (0), (г), and (d). 


Observations 


Positive ion in solution 


(b) Take about 3cm3 of the solution obtained in (а) in a test tube, ` Add sodium 
hydroxide solution till it is in excess. Heat the mixture. Write down your obsevations and 
inferences about the substances formed. 


Observations 
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(c) Take about 3cm? of the 
ammonium hydroxide till it is in 
deduction about the metal in A1 


solution obtained in 
excess. Describe all that yo 


(2) in a test tube. Slowly add 
u would observe and make your 


Observations 


(d) Take about 3cm3 of the solution obtained 


of iron filings, Allow to Stand for 5-6 minutes, 
inference based on them. 


in (a) in a test 


tube and add a few pie 
Record all your prs 


observations and draw 


Observations 


A gS NEOPETS TOOTS 


Note: The substance Al із copper oxide, 
Exercise 2 


(а) Take а small amount of the substan 
drops of concentrated sulphuric acid, and heat, 
identification of the gas evolved, What inference 
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Observations 


Second test for the gas 


4. ТТЕТТЕТТЕГТТТІТТІТТІТТІТІТІТПІТІТТТІТІЕТІТТІІТІТІТТІТТІТІТІТТТІТІТТІТТІТТІТТІТТІТТІТ ТТТТТТТТТТІТІТТІТТІТТІТТІТІТІ 


DIM DID m IET 


Name of the gas 


(b) Take a little of the substance А2 in a clean test tube. Dissolve it in a small 
quantity of water. To the solution first add silver nitrate solution and then ammonium 
hydroxide solution. Describe your observations and draw inference about the substance A2, 


Observations 


4.4... keeestheshbhvtesébseéeesosdkecskstusseedssédduossdsosheveebrsedabusstsokeseuseusséonesóoevbosieresóceveoseeeonéoóooot 


Deedee ése VietleséeeesoleaeseéekeétabasueléteseivhloluétevéseticesebetveiueVbitdekbekbesébutessedsetesiéose 


(с) Apply flame test to find out the metallic ion in А2. Describe how the test ів 
performed. Note down the colour of the flame and the inference drawn. 


Description of flame test 


(d) Name A2 and write its formula 
Name and formula of A2 


Note: 42 is potassium chloride. 
Exercise 3 


Divide the substance A3 in four nearly equal parts, 


(a) Take ono part of A3 ina test tube and add about 2 стз 


solution. Heat the mixture aud identify the gas evolved. Wiite all o 
inference. 


of sodium hydroxide 
bservations and your 


(6) Take another Part of A3 inad 
sulphuric acid and heat. Identify the gas 
What inference can you d 


Ty test tube. Add a few dr 


Ops of concentrated 


evolved by suitable tests. Record your observations, 


raw from this experiment ? 
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Observations 


1 


FTD 
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“ 
OOOO OOOO TOOT OTT Suunto 
[nm 
socesivenndbndolioensidiceénessoKesibeaésococindacioocoiodoncoosooieobiOO DOO 


(с) Mix a part of АЗ with about an equal quantity of manganese dioxide. Take the 
mixture in a test tube, Add a little concentrated sulphuric acid and heat. Apply suitable 
tests to identify the gas evolved. Write all observations. 


Observations 


LIU 
Sees DD 


IM 
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(d) Dissolve the fourth part of АЗ in в little amount of distilled water. То the 
solution obtained add silver nitrate solution. Divide the mixture in two parts. Add nitric acid 
to one part and ammonium hydroxide to the other one. Record all observations and the 
‘deduction made. 


Observations 


Exercise 4 


(а) Take a pinch of inc substance Ad in а dry, hard-plass test tube, Heat, first 
gently and the strongly. Record your observations, Identify the Products other than the 
residue left behind, and make deductions, 


(b) Dissolve a small Portion of A4 in distilled Water in a clean test tube, 
solution in two equal parts, 


1. Toone Part add sodium hydroxide solution, 


and then heat the mixture, 


Observations 


Deduction 


Observations 


(c) Take a pinch of A4 in a dry test tube. Add a little concentrated sulphuric acid 
and heat. Add a few copper turnings to the hot reaction mixture. Note down the observations. 
Identify the gas evolved and draw inference therefrom. 


Observations 


Deductions 


Note ; Substance А4 is hydrated copper nitrate. 


Exercise 5 


(а) Take а pinch of the substance AS ina clean 
hydrochloric acid, and gently heat. Identify the gas evo 
and inference, 


test tube, Add 2 cm? of dilute 
Ived. Note down your observations 


(b) Take about 2 cm? of dilute sulphuric acid in a test tube and 
of potassium permanganate Solution, To the pink solut 
and gently heat. Write down your observations and th 


add to it a few drops 
ion thus obtained add a pinch of AS, 
е inference drawn therefrom, қ 
Observations 


(c) Dissolve a few crystals of ferric chloride іп { cm of water in a clean test tube. 
Add a few drops of concentrated sulphuric acid, Now add a Pinch of AS, Heat to boiling. 
Cool the solution and add sodium hydroxide solution till in excess. Record your observations 
and explain the change- 


Observations 


: 95 
Explanations of changes 


(d) Apply flame test to B14 to find out the metallic ion present. Discribe the test. 
Note down the colour of the flame and your deduction from it. 


Description of flame test 


Note ; The compound A5 is sodium sulphite. 
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